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Pertinent 


Mr. Owner, Manager or Superintendent! 
Stop a moment and answer a few questions 
that are of interest to a legion of engineers. 


What kind of an engineer have you in your 
engine room; is he the best man for the posi- 
tion? It is assumed that you are too good 
a business man to entrust an installation cost- 
ing several thousands of dollars, and the lives 
of perhaps hundreds of people, to any but a 
good engineer, but are you? 


Of course, you expect continuous and effi- 
‘cient operation—do you get it? You cannot 
afford to have the wheels stop turning, for 
that means loss of production; and you love 
to make the dollars, don’t you? But when 
you hired the engineer, were you looking for 
just a man to run a job, or an engineer to fill 
a positicn? There is a difference. 


Is the man you hired making good; is he 
master of the position? You are paying him 
a sum commensurate with the position and 
treating him accordingly, but is he getting 
enough money each week and are you treating 
him right? 


For instance, do you give a requisition com- 
ing from him the same consideration you 
would give to one coming from a mill foreman? 
Do you ever consider that though the en- 
gineer’s job may be dirty and hot at times, he 
must be a man of equal intelligence with other 


Questions 


heads of departments, and that his requisition 
is the result of some thinking on his part? 


His thinking is for your interest; to make 
your plant more efficient, safer and economical. 
Do you ever consult him about the coal you 
purchase, or do you let the dealer deliver any- 
thing that will burn and expect results? 


Your engineer is always on call, day and 
night, Sundays and holidays, all the time and 
at any time. What does he get for his ser- 
vices? Is he not worth more? While you 
take a spin in your car, your engineer may be 
spinning a tube expander in the roasting back 
end of a boiler setting, or doing jobs that 
would be unnecessary if means of prevention 
were provided for him. 


You are a business man, but don’t let your 
business policy stop at the engine-room door. 
Go inside and give your engineer an oppor- 
tunity to show results from his department, 
which he can never do without your coopera- 
tion. Your engineer has a right to feel be- 
littled and discouraged if he is ignored, and 
then blamed if things do not “pan out” as 
they should. 


It is a matter of pride with most engineers 
to show the best results with their equipment. 
Don’t hand him a lemon and look for a melon 
in return. 


(Written by H. R. Low, Moosup, Conn.] 
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Meriden Electric Co.’s New Power Station 


SYNOPSIS—Owing to the increased demand for elec-. 


trical energy the Meriden power plant was remodeled and 
the mechanical capacity of the plant increased. Coal and 
ashes are handled by a monorail system. Because of a 


- scarcity of circulating water, at times, a cooling tower is 


used. 

The city of Meriden, with a population of nearly 30,- 
000, is one of the enterprising manufacturing cities of 
Connecticut. The current for street lighting, private 
lighting and most of the power used for manufacturing 
purposes is furnished by the Meriden Electric Light Co., 
from its new power station. 

For the last few years the growth of industries in 
Meriden has caused a pronounced increase in the power 
output of the station and in 1911 it was seen that addi- 
tional apparatus would have to be installed to meet the 


Fic. 1. Borter Room 


increasing demand for power, especially in boiler capac- 
ity. It was decided to abandon the old boiler equip- 
ment and install an entirely new boiler house and equip- 
ment and sufficient new turbine units to meet the 
needs of the plant. 

The existing engine room, with slight modifications 
and the removal of some compound engine-driven units, 
was adequate for the new steam-turbine equipment. As 
the available property was limited in width, the new 
boiler house was built at the end of the turbine room. 
The foundations for both building and apparatus are of 
concrete, carried down to rock or good bearing soil. The 
superstructure is a steel frame and brick building with 
artificial stone trimmings. Above the boiler-firing aisle 


is a concrete and steel coal bunker of about 250 tons ca- 
pacity. For the entire length of the building, along the 
side of the bunker, are copper louvres and below the 
louvres are inclined pivoted sashes which give ventilation 
for the boiler room and provide an adequate amount of 
light in the firing aisle, a feature that is often neglected 
in boiler-house design. 

In the new boiler house are installed three 625-hp. 
Bigelow-Hornsby boilers, Fig. 1. Two of the boilers form 
a battery and the third forms half of a future battery, 
space being left in the building for this fourth boiler. 
Each boiler is equipped with a Foster superheater, de- 
signed to give 125 deg. of superheat. The boilers are 
fired by three Roney mechanical stokers driven by 414x4- 
in. simple engines. The stoker engines are arranged so 
that either of two can operate all stokers. 

The boilers as well as the auxiliary apparatus and pip- 
ing are designed to operate with 200 lb. steam pressure . 
and 125 deg. superheat, but owing to existing apparatus 
unsuited to high pressure, the safety valves on both 
superheater and boilers are at present set to carry 150 
lb. pressure and until some of the present apparatus in 
the station is replaced this pressure will be carried. 

Each boiler is connected to a rectangular steel smoke 
flue which joins the stack base between the batteries of 
boilers. Natural draft is furnished by a brick-lined, self- 
supporting steel stack 9 ft. in diameter and 150 ft. high 
above the boiler-room floor. The stack is supported by. 
steel girders framed into the steel structure of the build- 
ing. The stack is also used to support two large electric 
signs, one on either side. These signs are composed of 
letters 3 ft. wide and the total length of the signs is about 
100 ft. The signs are used for advertising the output 
of the plant, one reading “Use Electric Light” and the 
other “Use Electric Power.” 

Boiler-feed water is heated in a National direct-con- 
tact or open-type, feed-water heater. Two boiler-feed 
pumps were installed, one being a horizontal duplex 
pump; the other a turbine-driven centrifugal pump. Each 
of these pumps is large enough to feed the boilers. A 
venturi meter tube is placed in the feed lines between 
the feed pumps and the boilers. The flow is recorded on 
a registering and indicating device, calibrated in pounds 
of water per hour. This gives a very close record of the 
amount of water evaporated. 

The high-pressure steam piping is of welded, flanged 
steel pipe, cast-iron fittings and steel gate valves with 
monel metal trimmings. All small globe valves 2 in. in 
size and under have bronze body with nickel seats and 
disks. The condensation from the high-pressure steam 
lines is returned to the boilers by a Holly gravity-return 
system. All steam- and hot-water piping is covered with 
85 per cent. magnesia sectional covering. Removable- 
flange and valve covers are provided on the high-pressure 
steam piping so that any joint or valve may be inspected 
or repaired without injury to the covering. All pipe 
lines are painted with a distinctive color for each system 
so that they may be readily identified. 

As coal is supplied by railroad, a reserve supply is 
needed and this is taken care of by outside storage. The 
N. Y., N. H. & H. R.R. tracks are adjacent to the power- 
plant property and a siding is provided for the power 
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plant. Coal is received in hopper-bottom cars and dumped 
into a hopper under the siding. From this hopper it is 
crushed and elevated to a pile on the ground, from which 
it is picked up by a grab bucket worked from an over- 
head monorail hoist and distributed either to the storage 
area or to the coal bunkers. The monorail structure, Fig. 
2, consists of three sections of 20-in. I-beams supported 
by a steel structure so arranged that all available prop- 
erty may be used for coal storage. The sections of the 
monorail are joined to a monorail over the bunker by a 
three-way switch so that coal may be taken from any 
part of the storage directly to the bunker. The monorail 
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Fic. 2. Monoratt StrucTURE AND PoWER PLANT 


hoist has two 5-hp. trolley motors and two 37-hp. hoist 
motors. The grab bucket used is a 154-yd. clam-shell 
type, digging bucket. The monorail beams are 50 ft. above 
the ground level. The hoist has a travel speed of 
300 ft. per min. and a hoisting speed of 100 ft. per min. 
Between 25 and 30 tons of coal can be taken from the 
storage to the bunker per hour. From the bunker the 
coal is fed to the stokers through spouts. 

Ashes from the stokers are discharged into concrete 
ash hoppers and then into cradle dump cars. The cars 
are manually wheeled to the end of the plant and dumped 
into a pit underneath the monorail. The same monorail 
grab-bucket hoist that handles coal takes the ashes from 
this pit to a concrete ash-storage bin in the yard under 
cne of the monorails and from this bin ashes are loaded 
into trucks by gravity and carted away. 

The generating equipment of this station consists of 
350 kw. direct current in engine-driven units and 3000 
kw. alternating current in turbine-driven units. The re- 
cently installed generating unit is a 1500-kw. bleeder 
Westinghouse turbine-driven set. The bleeder connection 
of this turbine was left out and a connection from the 
auxiliary exhaust-steam lines is installed so that any ex- 
cess exhaust steam not used for heating feed water, may 
be used in the low-pressure stage of the turbine. 
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Directly under the turbine is placed a LeBlanc jet con- 
denser. The only available condensing water in Meriden 
is a smal] brook which at times runs very low and hence 
supplies enough condensing water for only about half of 
the time. To take care of the cooling water at times of 
low water in the brook, a Wheeler-Barnard forced-draft 
cooling tower is installed. The power for the fans of 
cooling tower is furnished by a 30-hp. motor belted to 
the fan shaft. The piping from the condenser is arranged 
so that water may be used either from the brook or from 
the cooling tower. The cooling tower is designed to cool 
sufficient condensing water to give a 27-in. vacuum at 
the least favorable atmospheric conditions likely to occur. 

The switching equipment for this station is of remote- 
control, mechanically operated oil-switch type with non- 
automatic oil circuit-breakers on the generators and au- 
tomatic circuit-breaker on the feeders. The current is 
generated at 2200 volts, 60 cycles, two-phase, and ex- 
citation is furnished by either a 25-kw., turbine-driven 
or by a 25-kw., motor-driven exciter set. 

The lighting and power for station use is taken from 
separate transformers connected to the main bus by « 
common oil switch. The lighting is a 220-110-volt 


tungsten system. 

Provision has been made in both building and equip- 
ment to permit of future extension as the load increases, 
and on available property there is sufficient space to take 
care of the load for many years with the present rate 
of increase. 

The extension of this plant was carried on while the 


Fic. 3. ONE oF THE TURBINE UNITS 


plant was in regular service. Westinghouse, Church, 
Kerr & Co. were engineers for the entire work and in- 
stalled the apparatus. 


Earnings from water power generated by the hydro- 
electric station forming part of the Wachusett dam of the 
Metropolitan Water Board of Massachusetts amounted to a 
net sum of $21,470 for the year 1912, according to Chief Engi- 
neer Dexter Brackett’s annual report. The total quantity of 
energy generated was 5,741,588 kw.-hours and 26,393,100,000 
gal. of water under an average effective head of 90.8 ft. were 
used. The gross receipts from the sale of power were $30,- 
465.66, and the cost of operating the station was $8,995.66, in- 
cluding an item of $2675 for taxes. The net earnings per 1000 
kw.-hours generated were $3.74 Nearly all of the current was 
delivered to the Connecticut River Transmission Co. under a 
five-year contract which went into effect on Oct. 2, 1911. 
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Low-Pressure Steam Turbines 


By JEROME STRAUSS 


SYNOPSIS—The economic advantages of low-pressure 
steam turbines and thetr applications are described with 
tabulations of costs of power in existing plants before and 
after being equipped with low-pressure steam turbines, 
and costs of different types of plants are compared. 

When first put into service, the purpose of the low- 
pressure steam turbine was merely to recover to some ex- 
tent the large amount of energy discarded when piston 
engines exhaust into the atmosphere, particularly for in- 
termittently operated units where the use of condensing 
apparatus would be unwarranted. But its field of use- 
fulness has been broadened. 


OPERATIVE ADVANTAGES 


The ability of the low-pressure turbine to utilize energy 
of exhaust steam more efficiently than a reciprocating en- 
gine, or the latter’s equivalent in the form of an addi- 
tional cylinder to the original engine, is readily compre- 
hended. In the piston engine, the condensation and re- 
evaporation on the cylinder walls due to temperature 
changes during the cycle is very large; this is so much 
wasted energy. In the turbine there are no cyclic changes ; 
in each part of the unit the physical condition of the 
steam remains reasonably steady, thus yielding a con- 


(b) Continuous exhaust-steam supply which may or 
may not be uniform; in this class are included central 
power stations for lighting, traction or factory drive. 

In rolling mills and in mines it is unquestionably 
preferable to retain the eld piston engines and use their 
exhaust for the production of electricity rather than pur- 
chase entirely new installations consisting of high-pres- 
sure turbines generating electric current for use in re- 
versible motors to replace the engines, as has been sug- 
gested. With the latter arrangement to obtain one horse- 
power at the motors would require from 27 to 30 lb. of 
steam per hr., whereas, by combining the reversing re- 
ciprocating engines as they stand with low-pressure tur- 
bines, the same results may be had for an expenditure of 
17 to 18 lb. Besides, the great difference in initial cost 
should be sufficient to bar the use of the high-pressure 
turbine and reversible-motor system, for the economy of 
the engine-turbine combination arises not solely from the 
saving in coal but also from the low cost of installation ; 
the only expense is the price of the turbo-generator set, 
its accumulator and condenser, and the space required 
is so small as usually to permit setting the new unit in 
the existing engine room. In fact, in a mine working 10 
hr. a day, the economy is usually sufficient to pay for the 
initial expenditure in two or three years, while in steel 


TABLE 1. COLLIERY ECONOMIES 


Original Steam 


Output Consumption Eng. Turbine Total Output 
No L.hp. Lb. per hr. Equiv.I.hp.  Lhp. % 
1 1100 14,500 700 400 1100 None 
2 1100 14,500 1000 750 1750 60 
3 1000 15,000 800 600 1400 40 
4 1600 25,600 1400 1100 2500 56 
5 870 12,500 640 500 1140 32 
6 870 12,500 870 655 1525 75 
7 1550 20,000 1125 675 1800 16 
stant temperature and avoiding the above losses. Again, 


due to the high velocities employed in turbine form of 
construction, the large volumes of steam encountered 
when working in the lower pressure ranges present no 
difficulties, for only small areas are then necessary. But 
in the engine the mechanical friction and also high cost 
of the enormous cylinders required to accommodate these 
volumes are prohibitive. For this reason the condensing 
engine must use a relatively small cylinder, release the 
steam when it has given up only a portion of its avail- 
able energy and discharge the rest into the condenser. 
Thus, since the piston engine utilizes the higher pressure 
ranges with greatest efficiency and the turbine acts sim- 
ilarly with low-pressure steam, evidently from the water- 
rate viewpoint, the best arrangement for the complete 
range is a combination of the two. 


GENERAL APPLICATION 


Coming to a consideration of improvements in existing 
steam plants, there are two general classes of service to 
which the low-pressure turbine may be applied. 

(a) Intermittent and widely varying exhaust-steam 
supply; these conditions obtain in rolling-mill engines, 
steam hammers, mine-hoisting machinery, etc. 


*Abstract of paper entitled “Advantages and Applications 
of the Low-Pressure Steam Turbine,” for which the author 
was awarded the “Stillman Prize in Applied Technology,” open 
to competition by members of the class of 1913, Stevens In- 
stitute of Technology. 


Additional 


patton Steam Steam Consumption per I.hp. 


b Turbine Overall 0 
per hr. % Original Only (Final) Reduction 
—2800 —19.3 13.2 29.3 10.6 19.3 

3000 20.7 13.2 23.4 10.0 24.5 
ree 15.0 25.0 11.0 27.0 

2 9.4 16.0 25.4 11.2 30.0 
14.4 25.0 11.0 24.0 

4000 32.0 14.4 25.2 10.8 25.0 
—3500 —17.5 13.0 24.5 9.2 29.0 


mills operating day and night, this time reduces to one 
and one-half years or less. 

The series of results given in Table 1 were presented 
by J. Burnes in a paper before the Institute of Mining 
Engineers at Nottingham, England, in September, 1910. 
The savings shown, being on the average 25.5 per cent., 
are remarkable, representing, as they do, betterments of 
the engine-turbine combination over colliery engines op- 
erating originally condensing. 

When the supply of exhaust steam from the existing 
plant is uniform the turbine problem simplifies. The re- 
generator or accumulator is no longer necessary; thus 
one expense item is eliminated. Then there are several 
different ways in which engine and turbine can operate 
together, enabling a variety of conditions to be satisfied. 


SYSTEMS OF OPERATION 


In any constantly operated unit consisting of piston 
engine and low-pressure turbine, two general systems of 
linking the component parts are recognized : 

(a) Operation with variable intermediate pressure. 

(b) Operation with constant intermediate pressure. 

The low-pressure turbine can advantageously be ap- 
plied in any case where piston engines are now in use. 
Their installation will always yield a marked improve- 
ment in operating economy without additions to the 
boiler plant, this economy being greatest when the back 
pressure on the engine is permitted to vary. Where ap- 
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plicable the variable intermediate pressure system 
recommends itself not only because it permits adjustment 
of the engine back pressure to maintain the greatest over- 
all economy but also as in all but one case no intermediate 
governor is necessary. All regulation is taken care of by 
the piston-engine governor; an overspeed stop is placed 
on the turbine, but this is necessary in all turbine prac- 
tice. 

This no-governor system is advantageous for all cases 
in which the loads on the engine and turbine vary to- 
gether, both units supplying the same immediate system. 
The tie may be electrical as in lighting or traction sta- 
tions, or mechanical as in the textile mills of New Eng- 
land. In the former case the two generators, one direct 
connected to each unit, send their power to the same bus- 
bars and operate in parallel. It may thus be said that 
- the turbine merely “floats” on the system, its speed be- 
ing under definite control due to the fact that the voltage 
of the two generators must be equal. If the turbine speed 
increases slightly it will take more load, thus causing the 
engine load to decrease, resulting in earlier cutoff. The 
engine then supplies less steam to the turbine, the latter 
slows down and the load relations return to their original 
condition. In practice these surgings of the load are so 
small as to be scarcely noticeable. These are the circum- 
stances in direct-current stations. For alternating-cur- 
rent operation, the synchronizing force of the alternators 
is sufficient to maintain equal speed and hence the proper 
load proportions. 

In mills it is usual to find a large proportion of the 
engine exhaust utilized for heating and manufacturing 
purposes. Here it is customary to install turbines large 
enough to consume the maximum available steam supply, 
so as to prevent any possible waste of steam. The ab- 
sence of the above type of electrical control was puzzling 
for a time, but the difficulty was readily overcome. The 
scheme employed is to have the turbine drive a synchron- 
ous generator which operates in parallel with a synchron- 
If the engine be- 
comes overloaded and the turbine draws more than the 
normal amount of steam the increased energy that the 
turbo-unit generates would be transmitted to the main 
shaft by the motor. Thus the load on the engine and the 
quantity of steam necessary for operation would decrease 
and normal conditions would reappear. This system ap- 
plies equally as well whether the turbine load is all me- 
chanical or both mechanical and electrical. 

When constant load on the piston engine is required, 
coincident with the maximum economy (which, as seen, 
is due to operation with variable intermediate pressure) 
a slightly more complicated system is used. These con- 
ditions obtain usually in central stations supplying sub- 
stations in both business centers and in suburban dis- 
tricts. Here the main engine is constantly loaded, the 
turbines carrying a varying load; at the same time very 
economical operation is essential. In this system a gov- 
ernor is placed immediately before the turbine, and is 
arranged to bypass part of the steam to the condenser 
when the turbine load is light. When the turbine does 
not need all the engine exhaust to supply its demands, 
the main engine is allowed to operate on a decreased back 
pressure. As the engine takes a constant load, this action 
will cause a reduction of overall total steam consumption, 
thus maintaining maximum economy. 
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When the load on the main engine is approximately 
constant a system employing constant intermediate pres- 
sure may be used. Here a simple constant-pressure valve 
forms the governor. Of course, in this case the economic 
results are slightly poorer than without the governor, ap- 
proximating 2 to 5 per cent. increase in water rate. But 
where constant engine load is a necessity, this does not 
constitute an objection, as it is counterbalanced by the 
extra cost and complexity of the bypass system. With 
this method of combination, a live-steam admission valve 
should be provided for use in emergencies. Plants re- 
quiring such installations as the one here described usual- 
ly carry a rather high load factor. It is advantageous 
to have the turbine take care of the peaks and in general 
all of the more unfavorable load conditions. This latter 
it is well capable of doing; in fact, the casting of these 
unfavorable conditions on the turbine usually gives 
greater overall efficiency than that found with unfavor- 
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Fic. 1. Retative Economies 
able piston-engine conditions as the turbine is less sen- 
sitive. 


APPLICATION TO EXISTING PLANTS 


The special applications of the exhaust turbine to ex- 
isting plants yielding uniform exhaust-steam supply for 
use in the turbine are three in number: 

(1) Good engine design ; fair operating efficiency ; in- 
crease in capacity necessary. 

(2) Inefficient or costly plant operation; condensing 
or noncondensing engines; increase in economy desired ; 
capacity a secondary consideration. 

(3) Plant location poor; water-supply troubles; en- 
forced noncondensing operation since gain with the same 
engine condensing would not pay. 

The first case is the one most frequently encountered 
and deserves careful investigation. In any fairly efficient 
reciprocating-engine plant where a capacity increase is 
desired, three possible solutions present themselves: 

(a) Installing additional reciprocating engines of the 
same type, operating under the same conditions. 

(b) Applying the more efficient complete-expansion 
turbines. 

(c) Adding a low-pressure turbine which will in- 
crease the efficiency as well as the economy. 

The result of these methods on the steam consumption 
and hence fuel economy are illustrated in Fig, 1. Here 
the steam pressure on all units is 150 lb. gage. The 
curves shown have been prepared to represent average 
operating conditions and not the fanciful results of tests. 
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The truth of this statement will undoubtedly be clear 
from the fact that tests have given a steam consumption 
for the engine-turbine combination of from 13 to 13.5 
Ib. per kw.-hr., whereas in the chart shown it is con- 
sidered that in the average plant under actual operating 
conditions, good results at full load will show 15.6 lb. per 
kw.-hr. Also in the case of the turbines a vacuum of 28 
in., on a basis of 30 in. as absolute zero pressure, has 
been taken; with the engine, however, 26 in. has been 
used for the comparison because, in the everyday working 
of a piston engine, the opportunities for air leakage are 
so great and condensation losses so much increased by 
higher vacua that it seldom is worth the extra expense 
to reduce the back pressure below 2 lb. absolute. In ex- 
amining the curves of Fig. 1 it must be remembered that 
the addition of the low-pressure turbine is the only meth- 
od that would increase the power generated without in- 
crease in the original total quantity of steam, all others 
necessitating additional boiler capacity. With this in 


TABLE 2. COST OF POWER PER KW. PLANT RATING—2000 TO 


5000 KW. 
Reciprocating High-Pressure Reciprocating _Gas Engine 
Engine Steam Turbine Engine and Producer Gas 


Condensing Low-Pres. Turbine 
Initial Yearly Initial Yearly Initial Yearly Initial Yearly 


Authority Cost Expense Cost Expense Cost Expense Cost Expense 
Andrews....... 75.85 26.80 118.20 30.50 

Chance.. 83.80 26.00 110.80 28.70 

Average...... 90.60 30.95 80.35 27.30 75.70 25.70 116.70 29.60 


mind, it is evident that none of the combinations shown 
could possibly yield a water rate below that of the engine- 
turbine combination. A new installation of turbines with 
reasonable superheat will not obtain as good an economy. 
A turbine with high superheat and a very high vacuum 
(2914 in.) or a reciprocating engine, such as the Sulzer, 
using a superheat of 200 to 300 deg. F., and a high vac- 
uum will no doubt have a steam consumption equal to 
that of the engine-turbine unit, but a comparison of the 
initial cost of such machinery with that of the exhaust 
turbine, and the additional careful attendance necessary 
for these economical single units explains the reason for 
not adopting them here. 

If superheaters are added to the boilers, the water 
rate of the engine-turbine unit will also show a marked 
decrease. 

There remains one more valuable fact which is evident 
from an examination of these curves: the engine-turbine 
combination is efficient over a wide range of load, its 
water rate curve very closely approaching a straight line 
within the usual operating limits. Indeed, at half load, 
when the condensing engine or high-pressure turbine has 
inereased its steam consumption to almost 30 per cent. 
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more than the consumption at full load, the correspond- 
ing change for the engine-turbine unit is only 13 per 
cent. On overload the high-pressure turbine shows an 
increase only slightly greater than that of the combined 
unit, but the condensing-engine water rate rises with ex- 
treme rapidity. 


CoMPARISON WITH HiGH-PrEssurE TURBINES 


It is generally conceded that the engine-turbine in- 
stallation, without buildings, requires an expenditure 
slightly less or at the maximum, equal to that for the 
high-pressure turbine plant. But it has been erroneously 
maintained that the building for the turbine would be 
smaller than that necessary for the combination. It is 
quite true that the turbine alone requires less engine- 
room floor space. However, the larger water rate of the 
turbine means additional boiler and condenser capacity, 
and this increase is sufficient to cause the buildings for 
the high-pressure turbine and for the engine-turbine unit 
to be of equal size. The installation cost will, therefore, 
be slightly in favor of the low-pressure turbine. Fixed 
charges at the same rate on a smaller investment and a 
considerable decrease in fuel consumption, due to a 
smaller water rate, will more than counterbalance the 
small increase in the cost of oil, waste and a possible 
slightly larger cost of attendance; hence the total yearly 
cost also will recommend the exhaust steam-turbine in- 
stallation. 


COMPARISON WITH INTERNAL-COMBUSTION ENGINES 


The low-pressure turbine can compete advantageously 
with the internal-combustion engine. The former is more 
simple, responsive and dependable; in addition it costs 
less. Roughly, the initial cost of the engine-turbine plant 
is 60 to 70 per cent. of that of the gas-engine station. By 
using the maximum available amount of energy in the 
steam the fuel consumption is only a little greater than 
that necessary in the gas engine. In the latter type of in- 
stallation, the rate of fixed charges is greater, due to the 
larger percentage reserve necessary to cover depreciation, 
and also the increased outlay for repairs. Hence a larger 
percentage of fixed charges on a much larger initial cost 
will cause the yearly expenses of the gas-engine plant 
to exceed those of the engine-turbine steam plant. Also 
the spares in a producer-gas installation are never neces- 
sary in the steam plant. It is understood, however, that 
these are economic considerations for the general case 
only. In special instances, as when it is desired to 
eliminate smoke, or where fuel of a poor quality only is 
available, as in peat districts, the gas engine will strongly 
recommend itself. But with anthracite of reasonably 
good quality, and the ordinary plant location, the above 
considerations do not favor the gas engine. 


Costs By Various Systems 


Contrary to the preceding deductions many men of 
recognized authority in the engineering profession have 
maintained that the engine-turbine combination, new, is 
not as advantageous as certain other systems (high-pres- 
sure turbine in particular), owing to the great investment 
cost and likewise expense of operating attendance and 
supplies. They have declared that all new installations 
will be straight steam-turbine plants. To determine the 
validity of these arguments, the accompanying Table 2 
was prepared. 
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It contains the initial cost (exclusive of land) and the 
yearly cost in dollars per kilowatt of rating for various 
kinds of plants, having a rated output of 2000 to 5000 
kw. The hydraulic power station has been omitted as 
such modes of generation are feasible only in a certain 
few localities. Plants in which the prime movers are oil 
engines and those employing a combination of gas en- 
gines with high-pressure turbines have not been tabulated 
because a sufficient quantity of representative, reliable 
data were not obtainable. Those types of installations 
shown are the most common and most important ones and 
are all that are necessary for the present investigation. 

As the data taken from different sources were ob- 
tained under various conditions, in compiling the table, 
it was necessary to assume a set of conditions as near 
as possible to those under which the major portion of the 
available data was taken, and to provide means for re- 
ducing other data to the assumed basis. Where there 
was too much variation from assumed conditions the data 
were discarded. 

The assumption of conditions and also means of reduc- 
tion are best shown tabulated : 

(a) Plant operating 3000 hr. per year. 

(b) Curve-load factor 60 per cent. 

(c) Coal at $3 per ton delivered. 

(d) Where cost of building was not included, value 
was taken as the average of those values contained in 
lists of costs of the other plants of the same type. 

(e) When only operating costs were given, fixed 
charges were obtained from average price of plant as 
given by the other figures. 

(f) Fixed charges, such as above computed, with these 
values: Steam plant, 13 per cent., gas plant, 15 per cent. 
This includes interest, depreciation, insurance and taxes, 
also 2 per cent. repairs on steam plant and 2.5 per cent. 
on gas plant. 

(g) Engine efficiency (mechanical), 93 per cent. 

(h) Generator efficiency, 97 per cent. 

It is difficult to make any decision as to the type of 
installation to be employed without a knowledge of the 
controlling features for the particular problem. For pres- 
ent purposes, peculiarities of real estate and location can- 
not be considered. But for the general case of a plant 
of the size taken for this table, the combined opinion of 
those quoted indicates that the engine-turbine combina- 
tion has both initial cost and yearly expense in its favor. 
The values given have not been largely matters of com- 
putation for the results from actual installations appear 
far more frequently than engineers’ estimates. 

The production of results that often exceeded the 
guarantees (striking in themselves) of the manufacturers 
and the expectations of the purchasers has contributed 
greatly to the success of the exhaust-steam turbine. The 
rapid growth of its adoption in general, has been remark- 
able. The first installation on a commercial basis was 
begun in the Mines de la Bruay, in France, by Professor 
Rateau in 1901 and completed in 1902. In 1907 the 
Rateau turbine and regenerator were introduced in 
America, the first installation being at the Irondale steel 
works of the International Harvester Co. Its success was 
immediate and conclusive, and within a brief period steel 
mills in various parts of the country had adopted it. Then 
came the application to central stations and industrial es- 
tablishments at such a rate that in seven years, hundreds 
of plants have been equipped with these prime movers. 
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Badger Self-Equalizing Expansion 
Joint 


Probably every engineer has had experience with the 
strains in pipe lines caused by expansion and contraction. 
Loose, leaky fittings and perhaps here and there a frac- 
tured joint point conclusively to the necessity for some 
device having sufficient flexibility to absorb these changes 
in length. The engineer also knows that the amount of 
change in pipe length depends upon two factors, the 
length of the pipe and the difference in temperature. 

The Badger self-equalizing expansion joint, illustrated 
herewith, is a corrugated copper joint having external 
rings. It is designed to take up changes in length in pipe 
lines, whether these pipe lines convey steam, water or air. 

The joint combines the elasticity to stand repeated 
changes of shape with strength to resist any pressure 
for which it is designed. The corrugated form, such as 
used for furnaces of internally fired marine boilers is 


BapGer EXpANsiIon JOINT 


adopted because of its strength and flexibility. But a 
single piece of copper would have to be very thick for 
high pressures, and in actual practice it is found that 
there is always a tendency for one or two corrugations to 
take the entire strain of repeated change in shape. In 
time, those few corrugations, taking all the work, would 
give out. 

External rings on the corrugations of the Badger joint 
distribute the strains among several corrugations and by 
thus bringing many corrugations into service no one of 
them takes more than its share of work. The external 
rings force a part of the strain to the next corrugation 
and as each corrugation has but slight movement the joint 
should last almost indefinitely. The external rings give 
added strength to the joint in the same way that spiral 
winding of a pipe with wire adds to its strength. 

The number of corrugations depend upon the pressure 
and upon the length of the joint. For high pressures and 
superheated steam the change in length is considerable, 
therefore, more corrugations are used. For very low pres- 
sures, as in exhaust piping, two or three corrugations are 
sufficient for the slight alteration in length. There are 


even some cases where the expansion is so little that the ' 
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joint does not need any external rings. But in most cases 
external rings are used both to add strength for high 
pressure and also to stiffen the exhaust pipe against col- 
lapse. 

The Badger expansion joint, which is made by the E. B. 
Badger & Sons Co., 63 to 75 Pitts St., Boston, Mass., is 
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made in a complete line of sizes for all pressures and with 
flanges drilled to A. S. M. E. standards, both high-pres- 
sure and extra-heavy pressure. These joints require no 
packing and take up no more room than a pipe of the 
same diameter. The joint can be made oval, rectangular, 
circular and in other special forms. 


The Analysis of Boiler Losses 


By JoHn G. Moxry 


SY NOPSIS—How to determine the actual heat distribu- 
tion from the time the coal is fired to the boiler until vt 
has been consumed and has passed off to the stack. 

Having given the chemical or ultimate analysis of the 
coal used in the evaporative test, Dulong’s formula may 
be used to determine the heat value, which is equal in 
British thermal units per pound to 


14,600 + 62,000 (# 4 4000 


where C, H, O and S are proportionate parts by weight 
of the carbon, hydrogen, oxygen and sulphur, respective- 
ly, present in the coal. The efficiency of boilers ranges 
from 50 or less to 80 per cent., and in some rare cases 
even higher. The difference between the efficiency actually 
obtained and the ideal efficiency of 100 per cent. repre- 
sents the heat lost while converting the heat energy 
stored in the coal into that contained in the steam within 
the boiler. This loss is made up of several items, as 
follows: 

1. The loss of fuel through the grates, being present 
in the ash as unburned coal. 

2. Unburned fuel carried beyond the bridge-wall in 
the form of soot or small particles which go to form 
smoke. 

3. The loss due to the amount of heat necessary to 
raise the temperature of the moisture in the coal from 
that of the boiler room to the boiling point, 212 deg. F., 
to evaporate that moisture at this temperature and super- 
heat the steam thus formed to the flue-gas temperature. 

4. The loss due to the presence of hydrogen in the 
fuel which, uniting with the oxygen of the air, forms 
water which in its turn, it is assumed, must be evap- 
orated and superheated, as in item 3. 

5. Superheating the moisture in the air supplied from 
the prevailing atmospheric temperature to that of the 
flue gases. 

6. Heating the products of combustion to the flue- 
gas temperature. 

?. The loss due to the incomplete combustion of the 
coal when the carbon C burns to carbon monoxide CO 
only instead of to carbon dioxide CO,, plus the loss due 
to volatile matter passing off unburned. 

8. The loss due to radiation of heat from the boiler 
and furnace. It would require an elaborate test to as- 
certain each one of these items of loss and in good prac- 
tice it is customary to summarize them as follows: 

(a) The loss due to moisture in the coal. This loss 
may be ascertained by the formula: 

(9H + W) [212 —#t + 970.4 + 0.48 (7 — 212)] 
in which H and W are the proportionate parts, referred 
to the combustible, of the hydrogen and water respective- 


ly present; ¢ is the boiler-room temperature, 7’ the tem- 
perature of the flue gases, 9 is the ratio in weight between 
hydrogen and water (based on the atomic weights), 212 
is the boiling point, 970.4 is the latent heat of the steam 
at 212 deg. F. and 0.48 is the specific heat of steam at 
constant pressure. 

(b) The loss due to the heat carried off in the flue 
gases, which is equal in British thermal units to 

0.24 (T — t) X wt. of gas per lb. of combustible 
where 0.24 is the mean specific heat of the chimney gases 
and T and ¢ have the same significance as before. 

(c) The loss due to the incomplete combustion of 
carbon forming CO instead of CO,. This is equal in 
British thermal units to 
(710,150 CO 

. (CO, + CO) 
in which 10,150 is the actual loss in British thermal 
units per pound in having the carbon burn to CO in- 
stead of CO,, CO and CO, are the percentages by vol- 
ume of those compounds present in the flue gas, and C 


‘the proportionate part by weight of the carbon in the 


combustible. 

(d) The heat unaccounted for, which is equal to the 
total heat generated less the sum of that utilized in form- 
ing steam in the boiler and the losses (a), (b) and (c). 
This unaccounted for ldss*is included under items 2, 
5 and 8, and the loss arising from the unconsumed gases. 

A schedule of these heat expenditures is called a heat 
balance. To make it requires an evaporative test of the 
boiler, an analysis of the flue gases, an ultimate analysis 
of the coal and refuse, and a calorimeter determination 
of the heat value of the coal. 

To illustrate the practical application of the foregoing 
the following data from a recent test of a 650-hp. water- 
tube boiler may be used: 


Average steam pressure, Ib. per aq.in...............000.0ccceeecee 185 
Temperature of boiler room, deg. F....................-c2cceecee 81 
Temperature of feed water, deg. 171 
Moisture in the combustible, per cent.....................000-00 1.46 
Ash oF retuse In wet coal, per cont... 7.87 
Combustible in ash or refuse, per cent................-..-0-0000005 21.10 
Calorific value of coal, B.t.u. per 14,100 
Actual evaporation, Ib. of water per hr....................000000: 31,611.5 
Analysis of Dry Coal* 
Volumetric Analysis of Flue Gases 


*These percentages usually total 100, and should in this 
case, as later in the article the ash and nitrogen are deducted 
from 100 to get the percentage of combustible in the coal.—Ed. 
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The heat balance may now be obtained. The loss due 
to moisture in the coal together with that due to the 
hydrogen is: 

(9H + W) [212 — ¢ + 970.4 + 0.48 (T — 212)] 
= (9 X 0.0521 + 0.0146) [212 — 81 + 970.4 + 
0.48 (570 — 212)| = 615.61 B.t.u. 

per lb. of combustible fired. 

To compute the loss of heat in the dry chimney gases 
per pound of combustible fired, the weight of the gases 
must first be ascertained. The air supplied per pound of 
combustible is gotten from the flue-gas analysis as fol- 
lows: 


O C 
CO, 9.80 XX 0.1235 = 1.2103 X {8 = 0.8802 0.3301 
CO 0.30 X 0.0781 = 0.0234 « 4 = 0.0134 0.0100 
O 8.887 & 0.0893 = 0.7936 K 1 = 0.7936 
1.6872 0.3401 
Where the second figure in each equation is the density, 
35 
4 2.5 50. 
500; 
1.0 
= 
0.5 
KOESTER 
20 #40 #6 £80 100 120 140 100 190 200 
Per Cent. Excess of Air Power 


Fie. 1. Hear Carriep Orr BY GASES 


or weight in pounds per cubic foot, of the gas in ques- 
tion. One pound of carbon dioxide, CO.,, is composed of 
12+ (2 16) 
of oxygen and the remaining 3, lb. of carbon. A pound 
of carbon monoxide, CO, is composed of 
16 
12+ 16 
of oxygen and 2 |b. of carbon, where 16 and 12 are the 
atomic weights of oxygen and carbon, respectively. 
1.6872 
0.3401 


Ub. 


= 4.96 


21.38 1b. sir per lb. carbon 
0.232 
as air contains 23.2 per cent. oxygen by weight. The air 
to burn the carbon in 1 lb. of coal of the composition 
given in the analysis would be 
21.388 0.7592 = 16.23 
The air to burn the hydrogen in 1 Ib. of coal would be 


36 (0.0521 = 1.68 lb. 


Then per pound of coal 
16.23 + 1.68 = 17.91 Ib. 
of air would be required, and per pound of combustible 
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17.91 
0.8986 = 19.93 Ib. of aur 


or 20.93 lb. of flue gas. The heat loss in the flue gases 
may be found by multiplying the pounds of gas by the 
temperature rise and the specific heat of the gases. 
20.93 (570 — 81) 0.24 = 2456 B.t.u. per lb. combustible 

The curves in Fig. 1 clearly show the amount of heat 
carried off by the chimney gases for different temperatures 
and varying amounts of air fed to the boiler. 

From the ultimate analysis of the coal the per cent. 
of carbon in the combustible is 

0.7592 
1.00 — (0.013 + 0.0886) 

Then the loss per pound of combustible due to incomplete 
combustion is 


= 0.845 = 84.5 per cent. 


10,150 CO 10,150 0.003 

(CO, + CO) — 0.098 + 0.003 
As has been said previously, this so called incomplete 
combustion is caused by the gases passing off as carbon 
monoxide instead of carbon dioxide. The next illustra- 


= 254.75 B.t.u. 
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Fic. 2. or AVERAGE CO To BOILER 
EFFICIENCY 


tion, Fig. 2, taken from some recent tests conducted by 
the government shows how this apparently small item 
may sometimes appreciably affect the general economic 
operation of a boiler. These tests also point out what 
has already been claimed, that should the carbon dioxide 
vary much below 13 per cent. or thereabouts the effi- 
ciency of the boiler is greatly reduced. 

The heat absorbed by the boiler is found by determin- 
ing the water evaporated per pound of combustible and 
getting the equivalent heat value. 

Since 3330 lb. of dry coal is fired per hour and the 
coal contains 89.86 per cent. combustible there is fired 
2995 lb. of combustible per hour. Now the actual evap- 
oration is 31,611.5 lb. of water per hour, which, with a 
factor of evaporation of 1.114, gives 

31,611.65 & 1.114 = 35,215 Ib. 

of water from and at 212 deg. F. per hr., or 
35,215 
2995 


of water evaporated from and at 212 deg. F. per Ib. 
is absorbed per pound of combustible. 

11.76 & 970.4 = 11,412 B.t.u. 
are absorbed per pound of combustible. 

The loss through the grate was found to be 7.87 per 
cent. of the wet coal, which refuse contained 21.1 per 
cent. of combustible. Then 

0.211 XK 0.0787 = 0.0166 = 1.66 per cent. 


= 11.76 1b. 
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of wet coal was lost through the grate, or 1.495 per cent. 
combustible, which per pound amounted to 
15,660 0.01495 = 234 B.t.u. 

It was found that 19.42 lb. of air were being fed to the 
boiler per pound of combustible while the prevailing at- 
mospheric humidity was 96 per cent., which for air at 
81 deg. F. gives 

0.96 K 0.0236 = 0.02265 Ib. 
water in 1 lb. of air fed to the boiler, the number 0.0236 
being the weight of vapor mixed with 1 Ib. of air at 81 
deg. F. This amounts to 

19.42 & 0.02265 = 0.44 Ib. 
of water in the air fed to the boiler per pound of com- 
bustible fired. The heat lost, therefore, due to humidity 
is 

0.44 & 1.3855 & 970.4 = 579 B.t.u. 

per pound of combustible; 1.355 is the factor of evapora- 
tion when evaporating water at 81 deg. F., the boiler- 
room temperature, and superheating it to 570 deg. F., 
the flue-gas temperature, at atmospheric pressure. 
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Fic. 3. Curves Frou BorLer WIitH UNDERFEED 
STOKER 


The results may then be er as in the accompany- 


ing table. 

HEAT BALANCE—TOTAL HEAT IN 1 LB. COMBUSTIBLE, 15,660 

B.T.U. 
Distribution of Heat B.t.u. Per cent. 

Heat absorbed by boiler...........-.-...--+.s+eesees 11,420 72.93 
Loss due to moisture in coal and moisture formed by 

burning hydrogen in 615.61 3.93 


Other items, as unburned fuel passing beyond bridge- 
wall, smoke, radiation, leakage, etc................. 100. 64 0.64 


The accompanying table shows how close the heat bal- 
ance may be made, although it must be said that the 
unaccounted for losses usually total as high as 3 to 5 per 
cent. 

Fig. 3 is given as a good example of boiler operation. 
This boiler was equipped with an underfeed stoker of the 
latest design and gave an exceedingly high economy, one 
test in which the CO, content by volume was 13 per cent. 
giving a total efficiency of boiler and grate of 79.8 per 
cent. The oxygen present in the flue gas was 6.2 per 
cent. with no traces of CO. The flame of this underfeed 
stoker is very short, rarely reaching a total length of 2 
ft., which is in marked contrast to a hand-fired furnace, 
while being pushed, when the long yellow flames envelop 
the tubes, and are carried well along the path of the 
gases. 
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Hirsch Electric Lamp 


There are many hazardous occupations which necessi- 
tate the use of some kind of a lamp that will not cause 
an explosion of gases, etc. Such a lamp seems to be found 
in the Hirsch electric lamp which has been designed 
primarily for use in gaseous coal mines, but can be used 
to advantage by engineers about boilers, fuel-oil tanks 
or any place where the presence of a naked flame would 
be dangerous. 

This 2-ep. portable lamp is supplied with sissies from 
a storage battery of 2 volts capacity, and will run the 
lamp for 12 hr. It requires 8 hr. to recharge the battery, 
which weighs 2 lb. The lamp outfit illustrated herewith 


Hirscu Etectric Lamp 


has received the official approval of the United States De- 
partment of Interior and Bureau of Mines to be used as a 
cap lamp in gaseous mines. It is made by the Hirsch 
Electric Mine Lamp Co., 221 to 227 North Twenty-third 
St., Philadelphia. Penn. 


Ellis Metallic Packing 


This packing is designed to be used with ammonia, 
steam and water. The soft, round, metallic rings, when 
placed in the stuffing-box, are separated by a few strands 
of hemp. The rings do not butt when first put in place, 
but are separated from 14 to 34 in. After filling the 
stuffing-box with rings they are pe in as hard as pos- 
sible and crushed flat. After the metal rings have 
been flattened, a soft ring is placed next to the gland and 
the gland secured in position. 

This packing is made by W. J. Ellis, Box 9, Lansdowne, 
Penn. 


Chloride of calcium brine for circulation in refrigerating 
systems is generally made by dissolving from 3 to 5 lb. of the 
calcium in a gallon of water—the quantity, between the lim- 
its given, depending upon the purity of the calcium. The den- 
sity of this solution is generally assumed as 23 deg. Beaumé, 
and the freezing point as nine degrees below zero. 


if} 
| 
| 
i 
Bi 
. 
— 
f 
q 
H | 
4 
| 
| 
| 
i 
| 
ay 
| 
ay 


POWER 


Primer of Electricity 
By P. PooLe 
Waver-CoNNECTED WINDINGS—CONCLUDED 
A peculiarity of two-path windings that is worth re- 
membering is that if one-half the number of magnet 
poles be an even number, the number of armature coils 


Fie. 178. Four-PoLe Two-PatH WINDING 
witH 15 CoiLs 


Fig. 180. Minimum Crossineé, Dur to UsING THE 
LARGER AVAILABLE NUMBER OF COILS 


must be odd; whereas if one-half the number of poles be 
an odd number, the number of armature coils will be odd 
if the commutator pitch be even, or even if the commu- 
tator pitch be odd. This rule is invariable, and it may 
be very helpful in rewinding or repairing old armatures. 
Figs. 178 and 181 illustrate the first part of the state- 
ment and Figs. 180 and 182 the second part. The first 
two diagrams are for four-pole windings and both have 
an odd number of coils. The latter two are for six-pole 
windings (one-half the number of magnet poles being an 


odd number), but Fig. 180 shows an odd number of 
coils and an even commutator pitch while Fig. 182 shows 
an even number of coils and an odd commutator pitch. 
The accompanying tables give all of the possible com- 
binations within a practical range, Table 8 for two-path 
and Table 9 for P-path wave-connected windings; P be- 
ing the number of field-magnet poles. For both classes of 


Fig. 181. Four-PoLts Two-Paru WIND- 


ING WITH 17 CorLs 
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Fic. 182. Two-Patrn WINDING WITH AN EvEN NUMBER 
oF CoILs AND Opp CommMutTATOR PrtrcH 


windings two numbers of coils are available for each com- 
mutator pitch and number of poles; the larger is prefer- 
able. 

In Table 8, in the four-pole column, the right-hand 
number in each line is two digits larger than the left- 
hand number. This is because half the number of poles is 
2 and the number of paths is also 2; consequently, the 
difference between any two neighboring numbers of coils, 
reading either vertically or horizontally, must be 2. 

These tables give, within their limits, every number 
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TABLE 8. RELATION BETWEEN THE NUMBER OF COILS 
AND THE COMMUTATOR PITCH FOR TWO-PATH 
ARMATURE WINDINGS 
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TABLE 9. RELATION BETWEEN NUMBER OF COILS AND 
COMMUTATOR PITCH FOR WAVE WINDINGS WITH A NUMBER OF 
PATHS EQUAL TO THE NUMBER OF POLES 


Number of Armature Coils 


Pitch 


4 6 8 10 12 14 16 
Poles Poles Poles Poles Poles Poles Poles 


11 140r 16 190r 21 240r 26 29o0r 31 340r 36 390r 41 
llor 13 17o0r 19 230r 25 29o0r 31 350r 37 4lor 43 37o0r 49 
13Zor 15 200r 22 27o0r 29 .340r 36 4lor 43 48o0r 50 55o0r 57 
17 230r 25 3lor 33 390r 41 47o0r 49 550r 57 G3o0r 65 
17or 19 26o0r 28 350r 37 440r 46 53o0r 55 620r 64 Tlor 73 


10 190r 21 29o0r 31 39o0r 41 490r 51 59o0r 61 69o0r 71 79or 81 
11 2lor 23 32o0r 34 430r 45 54or 56 650r 67 76or 78 87or 89 
12 230r 25 350r 37 47o0r 49 59o0r 61 Tlor 73 83o0r 85 95or 97 

40 5lor 53 64or 66 77or 79 Q90o0r 92 103 or 105 
14 27o0r 29 4lor 43 550r 57 69o0r 71 83o0r 85 97or 99 lllorl1l13 


15 290r 31 440r 46 590r 61 74or 76 89or 91 104o0r106 119 or 121 
16 3lor 33 47o0r 49 63o0r 65 79or 81 95or 97 11lor113 127 or 129 
17 330r 35 5O0or 52 67or 69 84or 86 101 or 103 118 or 120 135 or 137 
18 350r 37 530r 55 7Zlor 73 89or 91 107 109 1250r 127 143 or 145 
19 370r 39 560r 58 75or 77 94o0r 96 113 0r115 132 or 134 151 or 153 


20 390r 41 59or 61 79or 81 99or101 119 0r121 139 or 141 159 or 161 
21 4lor 43 62or 64 S83or 85 1040r 106 125o0r 127 146 or 148 167 or 169 
22 430r 45 650r 67 87or 89 1090r111 131 or 133 153 or 155 175 or 177 
23 450r 47 68o0r 70 Qlor 93 1140r116 137 or 139 160 or 162 183 or 185 
24 470r 49 TZlor 73 95or 97 1190r121 143 0r 145 167 or 169 191 or 193 


25 490r 51 74or 76 99o0r101 1240r126 149 or 151 174 or 176 199 or 201 
26 5lor 53 77or 79 103or 105 129 or 131 155 or 157 181 or 183 207 or 209 
27 530r 55 800r 82 107 0r109 134 or 136 161 or 163 188 or 190 215or 217 
28 550r 57 83or 85 1llor113 139 or 141 167 or 169 195 or 197 223 or 225 
29 570r 59 86or 88 1150r117 144 or 146 173 0r 175 202 or 204 231 or 233 


30 59or 61 89or 91 119 0r121 149 or 151 179 or 181 209 or 211 239 or 241 
31 6lor 63 92or 94 1230r125 154 or 156 185 or 187 216 or 218 247 or 249 
32 63o0r 65 95or 97 127 or 129 159 or 161 191 or 193 223 or 225 255 or 257 
33 65o0r 67 98or 100 131 or 133 164 or 166 197 or 199 230 or 232 263 or 265 
34 67or 69 101 or 103 135 or 137 169 or 171 203 or 205 237 or 239 271 or 273 


104 or 106 139 or 141 174 or 176 209 or 211 244 or 246 279 or 281 
107 or 109 143 or 145 179 or 181 215 or 217 251 or 253 287 or 289 
110 or 112 147 or 149 184 or 186 221 or 223 258 or 260 295 or 297 
113 or 115 151 or 153 189 or 191 227 or 229 265 or 267 303 or 305 
116 or 118 155 or 157 194 or 196 233 or 235 272 or 274 311 or 313 


119 or 121 159 or 161 199 or 201 239 or 241 279 or 281 319 or 321 
122 or 124 163 or 165 204 or 206 245 or 247 286 or 288 327 or 329 
125 or 127 167 or 169 209 or 211 251 or 253 293 or 295 335 or 337 
128 or 130 171 or 173 214 or 216 257 or 259 300 or 302 343 or 345 
131 or 133 175 or 177 219 or 221 263 or 265 307 or 309 351 or 353 


134 or 136 179 or 181 224 or 226 269 or 271 314 or 316 359 or 361 
137 or 139 183 or 185 229 or 231 275 or 277 321 or 323 367 or 369 
140 or 142 187 or 189 234 or 236 281 or 283 328 or 330 375 or 377 
143 or 145 191 or 193 239 or 241 287 or 289 355 or 337 383 or 385 
49 97or 99 146o0r 148 195 0r 197 244 or 246 293 or 295 342 or 344 391 or 393 


50 99or101 149 or 151 199 or 201 249 or 251 299 or 301 349 or 351 399 or 401 
51 101 or 103 152 or 154 203 or 205 254 or 256 305 or 307 356 or 358 407 or 409 
52 103 or 105 155 or 157 207 or 209 259 or 261 311 or 313 363 or 365 415 or 417 
53 105 or 107 158 or 160 211 or 213 264 or 266 317 or 319 370 or 372 423 or 425 
54 107 or 109 161 or 163 215 or 217 269 or 271 323 or 325 377 or 379 431 or 433 


55 109 or 111 164 or 166 219 or 221 274 or 276 329 or 331 384 or 386 439 or 441 
56 1llor113 167 or 169 223 or 225 279 or 281 335 or 337 391 or 393 447 or 449 
57 113 0r115 170 or 172 227 or 229 284 or 286 341 or 343 398 or 400 455 or 457 
58 1150r117 173 0r 175 231 or 233 289 or 291 347 or 349 405 or 407 463 or 465 
59 117 0r119 176 or 178 235 or 237 294 or 296 353 or 355 412 or 414 471 or 473 


60 119 or 121 179 or 181 239 or 241 299 or 301 359 or 361 419 or 421 479 or 481 
61 121 or 12% 182 or 184 243 or 245 304 or 306 365 or 367 426 or 428 487 or 489 
62 123 or 125 185 or 187 247 or 249 309 or 311 371 or 373 433 or 435 495 or 497 
63 125 or 127 188 or 190 251 or 253 314 or 316 377 or 379 440 or 442 503 or 505 
64 127 or 129 191 or 193 255 or 257 319 or 321 383 or 385 447 or 449 511 or 513 


65 129 or 131 194 or 196 259 or 261 324 or 326 389 or 391 454 or 456 519 or 521 
66 131 or 133 197 or 199 263 or 265 329 or 331 395 or 397 461 or 463 527 or 529 
67 133 or 135 200 ot 202 267 or 269 334 or 336 401 or 403 468 or 470 535 or 537 
68 135 or 137 203 or 205 271 or 273 339 or 341 407 or 409 475 or 477 543 ot 545 
69 137 or 139 206 or 208 275 or 277 344 or 346 413 or 415 482 or 484 551 or 553 


70 139 or 141 209 or 211 279 or 281 349 or 351 419 or 421 489 or 491 559 or 561 
71 141 or 143 212 or 214 283 or 285 354 or 356 425 or 427 496 or 498 567 or 569 
72 143 or 145 215 or 217 287 or 289 359 or 361 431 or 433 503 or 505 575 or 577 
73 145 or 147 218 or 220 291 or 293 364 or 366 437 or 439 510 or 512 583 or 585 
74 147 or 149 221 or 223 295 or 297 369 or 371 443 or 445 517 or 519 591 or 593 


75 149 or 151 224 or 226 299 or 301 374 or 376 449 or 451 524 or 526 599 or 601 
76 151or 153 227 or 229 303 or 305 379 or 381 455 or 457 531 or 533 607 or 609 
77 153 or 155 230 or 232 307 or 309 384 or 386 461 or 463 538 or 540 615 or 617 
78 155 or 157 233 or 235 311 or 313 389 or 391 467 or 469 545 or 547 623 or 625 
79 157 or 159 236 or 238 315 or 317 394 or 396 473 or 475 552 or 554 631 or 633 


Commutator 
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of coils that can be used for the stated numbers of field- 
magnet poles and armature paths. A six-pole, two-path 
armature winding, for example, can have either 104 or 
106 coils, but not 105; and a six-pole, six-path winding 
can have 105 or 108 coils but not 103, 104, 106 or 107. 

The larger the number of poles, the larger are the gaps 
between the possible numbers of coiis. A 12-pole machine 
with a 12-path winding, for example, can have only one 
number of coils in each six existing numbers; if any 
number between those given should be used, the winding 
cannot have 12 paths through it. It is largely due to this 


108 or 114 144 or 152 180 or 190 216 or 228 252 or 266 288 or 3° 4 
38 111 or 117 148 or 156 185 or 195 222 or 234 259 or 273 296 or 31z 
39 76or 80 1140r 120 152 or 160 190 or 200 228 or 240 266 or 280 304 or 320 


40 78or 82 117 0r123 156 or 164 195 or 205 234 or 246 273 or 287 312 or 328 
41 S80o0r 84 1200r 126 160 or 168 200 or 210 240 or 252 280 or 294 320 or 336 
42 82or 86 123 0r129 1640r172 205 or 215 246 or 258 287 or 301 328 or 344 
43 84or 88 126o0r132 168o0r 176 210 or 220 242 or 264 294 or 308 336 or 352 
44 86o0r 90 129 or 135 172 or 180 215 or 225 258 or 270 301 or 315 344 or 360 


45 88or 92 132o0r138 176 or 184 220 or 230 264 or 276 308 or 322 352 or 

46 90o0r 94 1350r141 180 0r 188 225 or 235 270 or 282 315 or 329 360 or pos 
47 92or 96 138 0r 144 184 o0r 192 230 or 240 276 or 288 322 or 336 368 or 384 
48 94or 98 141 or 147 188 or 196 235 or 245 282 or 294 329 or 343 376 or 392 
49 96o0r100 1440r 150 192 or 200 240 or 250 288 or 300 336 or 350 384 or 400 


50 98 or 102 147 or 153 196 or 204 245 or 255 294 or 306 343 or 357 392 

51 100 or 104 150 or 156 200 or 208 250 or 260 300 or 312 350 or 364 400 - rit 
52 102 or 106 153 or 159 204 or 212 255 or 265 306 or 318 357 or 371 408 or 424 
53 104 or 108 156 or 162 208 or 216 260 or 270 312 or 324 364 or 378 416 or 432 
54 1060r 110 159 or 165 212 or 220 265 or 275 318 or 330 371 or 385 424 or 440 


55 108 or 112 162 or 168 216 or 224 270 or 280 324 or 336 378 or 392 432 or 448 
56 110 0r 114 165 or 171 220 or 228 275 or 285 330 or 342 385 or 399 440 or 456 
57 1120r116 168 or 174 224 or 232 280 or 290 336 or 348 392 or 406 448 or 464 
58 114 0r118 171 or 177 228 or 236 285 or 295 342 or 354 399 or 413 456 or 472 © 
59 116 o0r 120 174 or 180 232 or 240 290 or 300 348 or 360 406 or 420 464 or 480 


60 118 or 122 177 or 183 236 or 244 295 or 305 354 or 366 413 or 427 472 or 488 
61 120 or 124 180 or 186 240 or 248 300 or 310 360 or 372 420 or 434 480 or 496 
62 122 or 126 183 or 189 244 or 252 305 or 315 366 or 378 427 or 441 488 or 504 
63 124 or 128 186 or 192 248 or 256 310 or 320 372 or 384 434 or 448 496 or 512 
64 126 or 130 189 or 195 252 or 260 315 or 325 378 or 390 441 or 455 504 or 520 


65 128 or 132 192 or 198 256 or 264 320 or 330 384 or 396 448 or 462 512 or 528 
66 130 or 134 195 or 201 260 or 268 325 or 335 390 or 402 455 or 469 520 or 536 
67 132 or 136 198 or 204 264 or 272 330 or 340 396 or 408 462 or 476 528 or 544 
68 134 or 138 201 or 207 268 or 276 335 or 345 402 or 414 469 or 483 536 or 552 
69 136 or 140 204 or 210 272 or 280 340 or 350 408 or 420 476 or 490 544 or 560 


70 138 or 142 207 or 213 276 or 284 345 or 355 414 or 426 483 or 497 552 or 568 
71 140 or 144 210 or 216 280 or 288 350 or 360 420 or 432 490 or 504 560 or 576 
72 142 or 146 213 or 219 254 or 292 355 or 365 426 or 438 497 or 511 568 or 584 
73 144 or 148 216 or 222 288 or 296 360 or 370 432 or 444 504 or 518 576 or 592 
74 146 or 150 219 or 225 292 or 300 365 or 375 438 or 450 511 or 525 584 or 600 


75 148 or 152 222 or 228 296 or 304 370 or 380 444 or 456 518 or 532 592 or 608 
76 150 or 154 225 or 231 300 or 308 375 or 385 450 or 462 525 or 539 600 or 616 
77 152 or 156 228 or 234 304 or 312 380 or 390 456 or 468 532 or 546 608 or 632 
78 154 or 158 231 or 237 308 or 316 385 or 395 462 or 474 539 or 553 616 or 632 
79 156 or 160 234 or 240 312 or 320 390 or 400 468 or 480 546 or 560 624 or 640 


3 
Be Number of Armature Coils 
iS) 4 6 8 10 12 14 16 
0 Poles Poles Poles Poles Poles Poles Poles 
5 12 12o0r 18 16o0r 24 2o0r 30 240r 36 28o0r 42 32 4 
6 l0or 14 l5or 21 200r 28 250r 35 300r 42 35o0r 49 56 
7 12o0r 16 18o0r 24 24o0r 32 300r 40 360r 48 420r 56 48o0r 64 
8 14or 18 2lor 27 28o0r 36 350r 45 42o0r 54 49o0r 63 56o0r 72 
9 16o0r 20 30 320r 40 400r 50 48o0r 60 S6o0r 70 64o0r 80 
10 180r 22 27or 33 360r 44 450r 55 S4or 56 630r 77 72 88 
11 20or 24 300r 36 400r 48 50o0r 60 600r 72 7Oor 84 80 or 96 
12 22o0r 26 330r 39 440r 52 550r 65 660r 78 77o0r 91 88or104 
13 240r 28 360r 42 48o0r 56 600r 70 72o0r 84 84or 98 96or112 
14 260r 30 390r 45 520r 60 650r 75 78or 90 91or105 104 or 120 
15 28o0r 32 42o0r 48 5S6o0r 64 80 84o0r 96 98or112 112 0r128 
16 300r 34 450r 51 60o0r 68 75or 85 90o0r102 1050r119 120 ped 136 
17 320r 36 480r 54 640r 72 S80or 90 96o0r108 112 0r126 128 or 144 
18 34or 5lor 57 68o0r 76 85o0r 95 102 0r114 119 or 133 136 or 152 
19 360r 40 54o0r 60 72or 80 90o0r100 108 or 120 126 140 144 or 160 
20 38o0r 42 570r 63 76or 84 95or105 1140r 126 133 or 147 152 or 168 
21 400r 44 60o0r 66 S80or 88 1000r110 1200r132 140 or 154 160 ped 176 
22 42o0r 46 630r 69 S84or 92 1050r115 1260r138 147 or 161 168 or 184 
23 440r 48 66o0r 72 S88or 96 1100r 120 132 or 144 154 or 168 176 or 192 
24 46o0r 50 69o0r 75 92o0r100 1150r 125 138 or 150 161 or 175 184 or 200 
25 48o0r 52 72o0r 78 96o0r104 120 0r130 144 0r 156 168 or 182 192 or 208 
26 50or 54 81 1000r 108 1250r 135 150 or 162 175 0r 189 200 216 
27 52o0r 56 78or 84 1040r112 130 0r 140 156 o0r 168 182 or 196 208 or 224 
28 54o0r 58 S8lor 87 10Sor116 135o0r 145 162 or 174 189 or 203 216 or 232 
29 S6o0r 60 84or 90 1120r120 140 0r 150 168 or 180 196 or 210 224 or 240 
30 58o0r 62 87or 93 1160r124 1450r 155 174 or 186 203 or 217 232 or 248 
31 60o0r 64 90o0r 96 1200r128 150 or 160 180 or 192 210 or 224 240 ne 256 
32 62or 66 93o0r 99 1240r132 1550r 165 186 or 198 217 or 231 248 or 264 
33 64o0r 68 96o0r102 128 0r 136 160 rr 170 192 or 204 224 or 238 256 or 272 
34 66o0r 70 99o0r105 132 cr 140 165 o0r175 198 or 210 231 or 245 264 or 280 
35 68or 72 102 or 108 136 or 144 170 or 180 204 or 216 238 or 252 272 or 288 
36 70or 4 105 or 111 140 or 148 175 or 185 210 or 222 245 or 259 280 ~ 296 
78 


restriction that lap-connected windings are used instead 
of wave-connected multipath windings in machines hav- 
ing large numbers of field-magnet poles. The wave-con- 
nected winding has the very great advantage that every 
path through it is subjected to exactly the same magnetic 
effect, regardless of differences between the strengths of 
different field-magnet poles, but the gaps between the 
available numbers of armature coils are equal to one-half 
the number of field-magnet poles. The multipath wave- 
connected winding is also subject to some disadvantages 
as to commutation, which will be discussed later. 
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New Heavy-Oil Engine 
By A. E. 


The Diesel or high-compression-type oil engine is 
unique in that it was designed to fit a theory. Previous 
prime movers had first been built and run by practical 
men, and the theoretical considerations governing their 
operation were later formulated to account for observed 
results. The descriptive matter in Doctor Diesel’s origi- 
nial patent shows that he was in error in several par- 
ticulars. For instance, it was claimed that the engine 
_ would not require any artificial cooling as the expansion 
of the products of combustion would reduce the tempera- 
ture to such a degree that the mean temperature of the 
parts would be low enough so as not to interfere with 
proper lubrication. It was even claimed that by cooling 
the air during the first part of the compression, the ex- 
haust gases would be cooied even below the temperature 
of the surrounding atmosphere, and might be used for 
refrigerating purposes. The fundamental theory, how- 
ever, was sound, and these early misconceptions probably 
had no other effect than to delay the attainment of a 
successful design. 

The high-compression-type oil engine has been built 
in the United States for about a decade, but it has never 
made the progress here that it has in Europe. This has 
been due largely to economic reasons. With the expira- 
tion of Diesel’s fundamental patent in July, 1912, how- 
ever, an impetus was given to the development in this 
country. 


CALIFORNIA AND MEXICAN OILS 


There is produced in California and in Mexico an 
abundance of crude oil containing high percentages of 
asphalt and sulphur, but relatively small amounts of gaso- 
line and the lighter distillates. Hence, these oils have 
found their principal market as fuel for the generation 
of steam. 

In California alone, a monthly production in excess 
of 700,600 barrels, was recently made practically useless 
by the decision of the Standard Oil Co. to purchase no 
more crude oil below 18 deg. gravity Baumé. This rate 
of production would supply 650,000 hp. of oil-engine ca- 
pacity with fuel running at full load 24 hr. per day con- 
tinuously. To what extent the economies of water trans- 
portation may effect the market for low-grade oil after 
the Panama Canal is opened is nét now apparent, but 
that the field will be broadened, there can be no question. 

The problem to be solved if the oil engine is to become 
a competitor of other forms of prime movers, except 
in special cases, is, therefore : 

To produce an engine which can utilize the low-grade 
asphalt-base crude oils of the Pacific coast and Mexico, with 
their high percentage of asphalt and sulphur, or other low- 
grade oils, and to so design the engine that the ordinary en- 


gineer need have no difficulty in maintaining it in satisfactory 
operation, without requiring frequent or costly repairs. 


These considerations led the Snow Steam Pump Works 
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to take up this new line of prime movers. 


As a pre- 
liminary, an investigation was conducted through its 
agents in Europe as to types, sizes, magnitude of the 


business, etc., of European builders. Later, representa- 
tives went abroad to get a first-hand knowledge as to con- 
ditions under which engines were operating, the troubles 
that were being experienced, etc. 


Compression vs. CoMPRESSION 


The first question to be settled was whether the engine 
should operate on the high-compression principle, or 
whether some modification should be made in it; that is, 
whether a medium-compression type of engine should be 
built. In all of these, some form of auxiliary-ignition 
apparatus is used. The claims made for such engines 
are: 


That they can be made lighter for the same horsepower 
on account of the lower compression and are consequently 
cheaper. 


That they can be run with a mechanical oil-spraying de- 
vice, thereby avoiding the necessity of supplying compressed 
air for spraying the fuel, which still further reduces the first 
cost of an installation. 

‘Many engines of this type that were seen running 
showed a smoky exhaust. It is obvious that if the lighter 
oils will not burn clean, the heavy asphalt base oils, will 
soon clog the internal parts of the engine. 

A modification of the medium-compression type by the 
addition of an air-spraying valve to inject the fuel, im- 
proves the combustion and economy, but nullifies certain 
arguments in favor of this type. Even with the lower 


‘compression, the injection of fuel into a hot vaporizing 


chamber causes an explosive rise in pressure to a point 
quite as high as is essential in a high-compression en- 
gine. This means that the engine must be as strong and 
as well constructed as the high-compression engine and 
must have all of the essential mechanism, in addition to 
the vaporizing chamber. 

There are several disadvantages of a vaporizing cham- 
ber. It must be heated with a blow torch to a dull red 
before starting in order to ignite the fuel and in this the 
engineer must exercise his judgment as to when it is hot 
enough. Of more importance is its influence on the de- 
sign of the cylinder head. The vaporizing chamber must 
be so placed in relation to the fuel-injection nozzle that 
the oil is injected into the center of the chamber. The 
spray valve cannot then be placed in the center of the 
cylinder head on the longitudinal axis of the cylinder, 
which is its natural location. The large opening in the 
cylinder head for the vaporizing chamber in addition to 
openings for inlet and exhaust valves, air-starting valve 
and spray nozzle, together with the resulting lack of sym- 
metry, results in a cylinder-head design not well adapted 
to resist combined stresses due to high temperatures and 
pressures within the cylinder. 

The. high-compression engine, on the other hand, can 
be started cold and brought up to speed in a minute or 
less. The compression increases gradually until the maxi- 
mum is reached. This maximum compression pressure 
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attained need not be exceeded when the fuel is injected, 
the effect of the resulting combustion being to maintain 
the pressure constant at the highest point of the com- 
pression for a certain time, depending on the load, after 
which expansion takes piace with a gradual fall in pres- 
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ber of months, using the various grades of oil available 
in different parts of the country, demonstrated that the 
asphalt-base oils could be completely consumed within the 
cylinder. The exhaust from the engines is invisible, and 
practically odorless, except when oils containing sulphur 


Fia. 1. 


sure until the exhaust valve opens. The result is that 
the engines run quietly and without shock on all loads 
and it is almost impossible to tell whether an engine is 
running light or loaded when standing beside it, pro- 
vided the sound of the exhaust cannot be heard. . 

The decision arrived at after giving due consideration 


Fic. 2. Heap Enp or ENGINE 


to all of these factors was that the high-compression hori- 
zontil type was preferable. 


THE SNow ENGINE 


The first engine built was a single-cylinder, single-act- 
ing, four-stroke-cycle type rated at 110 b.hp. and run- 
ning at 180 r.p.m. Experiments extending over a num- 


Snow Orn ENGINE 


are being used, in which case the characteristic odor of 
sulphur dioxide is noticeable. 

Fig. 3 shows the fuel-consumption curve when using 
California crude oil of 15.5 deg. Baumé. This shows thie 
curve to be very flat between loads of 80 to 115 b.hp. 
Fig. 1 is a side view of the engine and Fig. 2 shows the 
head end. 

These engines are suitable for any application to which 
stationary engines are adaptable, including driving di- 
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Fic. 3. Loap Curve 


rect-connected, 60-cycle, alternating-current generators in 
parallel. For this latter service engines of 175 to 700 
b.hp. can be furnished. For less exacting requirements, 
as, for instance, general power purposes, or for driving 
direct-current generators, engines as low as 30 b.hp. are 
being built. 

One quart of cylinder-lubricating oil for ten hours’ run 
has been found to be sufficient to keep the cylinder, the 
inlet-valve stem and the exhaust-valve stem of the 110- 
hp. engine properly lubricated. The shaft bearings and 
cranks are supplied with oil from a gravity system. {ter 
passing through a settling tank and filter the oil ix Te 
turned to the overhead tank to be used again. The cam 
and lay shafts are lubricated with ring oilers anc the 
gears all run in oil. 
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Combined Producer and Boiler 

In its foreign review, the Journal of the American So- 
ciety of Mechanical Engineers, for July, contains a brief 
description of a combined gas producer and boiler, de- 
signed by Chief Engineer Marischka, of the Vienna 
Municipal Gas Works. As shown in the illustration, the 
producer has a revolving grate and the cylinder or shell 
for its full length is made into a steam boiler, divided 
into two sections with water tubes between. In addition, 


Gas Outlet 


SECTION THROUGH PRODUCER 


a jacket is provided, which forces the gases to flow along 
the surface of the boiler for a considerable distance. 

This arrangement has made it possible to reduce the 
temperature of the gases leaving the producer to about 
425 deg. F., while steam is generated at 85 lb. gage. Only 
part of the steam is required for the producer itself and 
the rest is available for other purposes. 

The chief value of this producer lies in the fact that 
it takes care of cooling the gases down to near the tem- 
perature at which they can be conveniently handled in 
the gas engine, and at the same time utilizes their ex- 
cess of heat. This is not the first attempt to combine a 
gas producer with a boiler, but it is only the revolving 
grate that has made such a construction commercially 
practicable, owing to the large amount of fuel handled, 
and the large amount of heat developed per unit of pro- 
ducer cross-section. 

Gas-Engine Explosion 
By J. W. LEHMAN 

A most unusual explosion of a gas engine took place at 
the plant of the Hardin-Wyandotte Lighting Co., of Ken- 
ton, Ohio, on July 18, which resulted in injury to two 


men, neither fatally however. Usher Wetherill, the day 
engineer, sustained a broken leg while William Wilson, 
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the night engineer was badly bruised. Both men were 
standing on the platform at the time and Wetherill was 
explaining some details to Wilson when he accidently 
touched the governor. This immediately opened the throt- 
tle and such a large quantity of gas was sucked in as to 
find its way into the crank case. The heated condition 
of this chamber caused an explosion which blew out the 
side of the crank case. The men were standing against 
the crank case at the time, which fact accounts for their 
comparatively slight injuries, as they were pushed rather 
than thrown off the platform. The side of the crank case 
was thrown a distance of 20 ft. 

The engine is rated at 150 hp., runs on natural gas 
and has been in operation for more than a year. 

Another unit, which was in reserve, was immediately 
started; hence the accident did not cripple the service to 
any great extent. Repairs were made within a few days 
and the new crank case is fitted with safety devices con- 
sisting of thin layers of metal placed opposite each cyl- 
inder; these will blow out and relieve the pressure be- 
fore the walls of the crank case will give way. 


ve 


Some Observations on Marine Diesel 
Engines 
By Dr. L. K. 


Advocates of the application of the Diesel engine to 
large vessels are endeavoring to curb to a degree the over- 
enthusiasm of its radical supporters who are prone to 
claim too much for this type of engine on account of the 
success of such vessels as the “Selandia” and the more 
recently built “Kavestone.” 

At a discussion last summer in regard to cargo vessels 
generally a lower price for oil than $2.50 per barrel 
seemed to be needed to enable it to compete as fuel in 
internal-combustion engines, with coal-fired boilers and 
steam engines or turbines. There are, however, excep- 
tional cases of vessels that have to perform very long voy- 
ages, carrying their own fuel where the advantages of a 
minimum consumption are paramount. On the other 
hand, there are cases which are much less favorable to oil. 
The short experience so far obtained with large oil en- 
gines on board ship (while eminently satisfactory and 
encouraging to builders and owners) makes speculation 
difficult as yet, and it remains for further practical ex- 
perience over a term of years before definite and accurate 
figures will be available as to reliability and upkeep. 

The East Asiatic Co. already has six passenger and 
freight vessels, equipped with Diesel engines, in com- 
mission to send through the Panama Canal when it 
opens, and six more vessels of like design are under con- 
struction and will be ready to join the fleet in handling 
traffic from Europe via the canal. After careful experi- 
ments, this company reports the net earnings of their 
steam vessels at 8 per cent. per annum, and those having 
Diese] motors at 20 per cent. on the capital invested. 

The “Fionia.” one of the company’s finest vessels and 
now on the stocks at Copenhagen, has been selected as 
the first vessel of the fleet to make the trip. 

About 400 vessels using Diesel engines are now in ser- 
vice and 60 are being built. Freight vessels of from 6000 
to 10,000 tons are being equipped with these engines, but 
as yet they have not proved available for fast boats, as the 
speed has never developed much over 12 knots an hour. 
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HEATING AND 


Physical Action of Steam and Forced 
Hot-Water Heating Systems 
By Ina N. Evans 


The following question was recently asked in connection 
with the comparisons of methods of heating by steam and 
water by forced circulation: Does the hot-water system 
require a longer time to heat up a building than a steam 
system? At first thought one would conclude that the 
water system required the longer period and in this re- 
spect is at a disadvantage. There are several elements 
that should be taken into consideration in answering this 
question by a simple affirmative or negative. 

In the first place, the point involved assumes import- 
ance only where intermittent operation is contemplated. 
From actual tests continuous operation has proved more 
economical for large heating plants. If a plant required 
100 boiler hp. to maintain the rooms at a constant tem- 
perature and was shut down for 10 hr., then 1000 hp.-hr., 
or 500 boiler hp. would be required to replace in two hours 
the heat radiated during the 10-hr. period and raise the 
temperature of the rooms to the same degree as before 
the plant was shut down. The actual power used is 
nearly the same, but the intermittent operation of the 
greater boiler capacity for short periods is exceedingly 
wasteful and expensive to say nothing of the investment 
in extra boilers. 

Under these conditions the greater density of the water 
would seem a disadvantage, due to the greater quantity of 
heat stored. There is actually nothing lost as this 
heat would be given off during the period of non-opera- 
tion, preventing the building temperature from dropping 
as low as with the steam medium. It will be seen later 
that the heat absorbed by the cubic contents of the sys- 
tem is not a large proportion of the total heat require- 
ments to maintain the room contents, walls and floors at 
the required temperature. All sprinkler and water pipes, 
furniture, machinery and masonry store the heat and 
have to be raised to the proper temperature before the 
building is actually warm. 

This heat is given out when the apparatus is inopera- 
tive and all has to be replaced. The above statements ap- 
ply to any heating system, whether water or steam, and 
the larger the plant and building the more heat has 
to be provided when intermittent operation is contem- 
plated. 

A heating apparatus is a device for conveying and dis- 
tributing heat, and the best system will be the one capable 
of delivering the greatest quantity in the shortest space 
of time. It makes little difference how much heat the 
system itself absorbs, it is the rapidity and efficiency with 
which the heat can be transferred from the source to the 
building. However great the capacity of the heating sys- 
tem for conveying and distributing the heat, ample boiler 
power must be provided to meet the demand, and as the 
boiler power is decreased the period required to raise 
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the temperature of the building will increase independent 
of the type of system. Most well designed heating sys- 
tems will have conveying capacity far in excess of the 
boiler power provided, and it will be found that the 
latter item will generally be the limiting factor. 

When steam at constant pressure and temperature is 
used as a heating medium, the only mehod of varying the 
steam requirements of the system for outside weather 
changes is by automatic heat control locally applied 
whereby overheating is prevented by shortening the pe- 
riod of operation and turning the radiators on and off. 
Where automatic heat control is not applied the over- 
heating of the steam system is partially overcome by in- 
termittent operation. This gives a variable temperature 
in the rooms. It is cold in the morning and hot at night. 

With water circulation the entire medium may be 
changed in temperature through a considerable range to 
accomplish the same object. A constant temperature may 
easily be maintained in the building with a steam con- 
sumption in proportion to the outside weather require- 
ments with all radiators in operation. This method, for 
best and most economical results, requires continuous op- 
eration. The average change or variation from day to 
day in the outside temperature is seldom more than 15 
deg. and the hourly change is much less. 

A few figures will give a better idea of the actual rela- 
tion and importance of the quantities involved. A heat- 
ing system aggregating 30,000 sq.ft. of radiation will be 
assumed, operating at the same average maximum tem- 
perature of 210 deg. for both the steam and water. The 
surface of the steam system may be slightly higher in 
temperature at times than that of the water system, but 
the advantage in density and velocity of the water over 
the heating surface will more than offset any possible dif- 
ference in temperature. 

The same initial steam temperature of 225 deg. will 
be assumed for both systems. The water system will 
have an outboard temperature of 220 deg. and return of 
200 deg. or an average of 210 deg., while the steam sys- 
tem will have the same average temperature in the radi- 
ators, allowing for drop on the mains, or 10 to 5 deg. 
less than the initial steam temperature. 

It is a fair assumption that the radiation on both sys- 
tems will do the same work in zero weather and radiate 
the same amount of heat. Steam at atmospheric pres- 
sure has a volume of nearly 27 cu.ft. to the pound. The 
water at the temperatures used for heating has an aver- 
age density of about 61 Ib..per cu.ft. The latent heat of 
the medium on the steam system will be taken at 970 
B.t.u. Both heating systems will be assumed to have a 
cubic content of about 30 cu.in. to the square foot of heat- 
ing surface, or 35 cu.in., including mains. Then 


30,000 35 
1728 


= 608 cu.ft. 


The amount of heat transferred by the radiation in 
zero weather by either system will be the same per hour 
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30,000 sq.ft. 1.8 B.tu. (210 deg. — 70 deg.) = 
7,560,000 B.t.u. 

This will be assumed to exactly balance the heat losses 
of the building and maintain 70 deg. in the rooms. The 
probable average temperature of the water 75 per cent. 
of the time will be 160 deg. and the heat necessary will 
be 

30,000 & 1.7 & (160 — 70) = 4,590,000 B.t.u. 
The probable minimum temperature of the water system 
will be 120 deg., or 
30,000 & 1.6 K (120 — 70) = 2,400,000 B.t.u. per hr. 

If automatic heat control is provided the steam sys- 
tem may utilize the same total heat units as the hot- 
water system, but it is accomplished by shutting off the 
individual radiators entirely for longer and longer pe- 
riods as the outside weather becomes warmer. The tem- 
perature of the radiator remains at 210 deg. and some- 
times is a little higher in moderate weather. If there is 
no automatic control, and occupants open the windows, 
‘due to overheating, leaving the radiator turned on, the 
steam consumption for the heating system will be about 
the same one day as another. Many people think that ex- 
haust steam costs nothing and neglect to take advantage 
of the periods of light load, when with automatic control 
there would be no occasion to supply live steam to make 
up a shortage in the supply of exhaust steam. 

A vacuum steam system with automatic heat control 
will cost more to install than a hot-water system, and is 
simply a case of intermittent heating on a large scale with 
individual radiators. 

For all heating systems the piping is figured for the 
maximum capacity in zero weather. Sometimes allowance 
is made for intermittent heating by increasing the radia- 
tion, but as a rule the lower temperature of the rooms 
when heating up will increase the transmission of the 
radiators sufficiently. With a 2-lb. drop between the 
engine and the radiation the main for this job would be 
approximately 12 in. in diameter with a velocity in the 
main of 86 ft. per sec. 

The hot-water main for a maximum drop of 20 deg. in 
zero Weather for the same capacity and 1000 ft. of mains 
when pumping against 50 to 75 ft. head would be 6 
in. in diameter. The quantity of water in pounds pumped 
per minute would be 

7,560,000 
20 deg. X OU min. 


The difference in size of main is due directly to the rela- 
tive densities and velocities of the two mediums. The 
water will have the same size supply and return, while 
the steam will have a much smaller return pipe. 

The maximum capacity of the steam mains will be 


about 0.3 Ib. per sq.ft. of radiation per hour, or in this 
Case 


= 6300 


30,000 sq.ft. X 0.3 lb. = 9000 1b. steam per hr. 
This capacity may be considerably increased by raising 
the steam pressure and inc reasing the density of the steam. 
At 15-lb. gage pressure there would be about 14 eu-ft. 
to the pound instead of 27 cu.ft. at atmospheric pres- 
sure, and the temperature of the radiators would be about 
“40 deg. instead of 210. The capacity of the mains would 
he doubled at the same velocity, but this would mean back 
pressure when operating on exhaust steam. 
I) the medium the heat above 32 deg. at any instant 
Whe: operating at 210-deg. temperature will be for the 
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steam system, 1150 B.t.u. per lb., and for the water 178 
B.t.u. per lb. The total heat in the steam system at 210 
deg. when shut down would then be 


1150 608 
ad 


Under the same conditions the total heat in the water 
system would be 

608 X 61 X 178 = 6,601,664 B.t.u. 
These figures indicate the available heat in either system 
to prevent freezing after shutting down. 

To this in both cases must be added the heat stored 
in the metal of either system from 32 to 210 deg. There 
are 7 lb. of metal per square foot of surface if cast-iron 
radiators are used on either system, and the specific heat 
is 0.13. Then 

30,000 7 &K 178 & 0.13 = 4,859,400 B.t.u. 
25,896 + 4,859,400 = 4,885,296 B.t.u. 
This would be 

= 0.646 

7,560,000 

or practically 65 per cent. of one hour’s requirements un- 

der maximum conditions for the steam system. The water 

system would have 

6,601,664 + 4,859,400 = 

11,461,064 
7,560,000 


11,461,064 B.t.u. 
= 1.516 


or nearly 152 per cent. of one hour’s maximum demand. 
On shutting down, the water system has 324 per cent. as 
much residual heat as the steam. The heat in either sys- 
stem available for heating after shutting down before the 
room cools below 70 deg. will be as follows: 

In the steam system only the latent heat of the steam 
is available for this purpose, or 970 B.t.u. per Ib. 


we 


The iron will contain in both systems 

210,000 Ib. &K 0.13 & 140 deg. = 3,822,000 B.t.u. 
The total for the steam system will then be 

21,843 + 3,822,000 = 3,843,843 B.l.u. 
The water after shutting down at a temperature of 210 
deg. will contain above 70 deg. 
608 K 61 &K 140 = 5,192,320 B.t.u. 
Adding the heat in the iron gives 
3,822,000 + 5,192,320 = 
This will permit of 
9,014,320 


9,014,320 B.t.u. 


= 1.19 hr. 


7,560,000 
operation at the maximum rate for the water system and 
3,845,843 
0.508 
4,960,000 


or 51 per cent. of one hour’s operation for the steam sys- 
tem. The water system has 214 times as much heat as 
the steam system, so if the period of shutdown is not too 
long, the hot-water system will have less work to do when 
the system is started again. The steam system has prac- 
tically no storage outside of what remains in the cast- 
iron radiation. This accounts for the suddenness with 
whici steam-heated rooms cool off when the radiators 
are turned off. In sheet-metal radiators which weigh 
something like 114 lb. per sq.ft. instead of 7 lb. for cast 
iron, the heat storage would be less than for cast iron 


q 
4 
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and the time of heating up would be considerably re- 
duced. 

On the water system the pumpage has been determined 
for a 20-deg. drop as 6300 Ib. per min. The system con- 
tains 608 cu.ft. of water at 61 lb., so 

608 X 61 

6300 
The water would be completely displaced every 6 min. The 
steam system would be displaced 
7,560,000 27 
970 X 


= 5.89 min. 


= 346.1 


times per hour or 5.77 times per min. This would be 34.6 
times as often as the water system. The available heat 
units each time the system is filled with steam will be, 
as previously determined, 21,843 B.t.u. The water sys- 
tem has a variable capacity of heat transmission depend- 
ing on its temperature. This depends on the drop which 
increases in the heaters and decreases on the radiation as 
the temperature is lowered with the same circulation. 
There will be given up to the building in cooling the en- 
tire contents of the water system or will be introduced 
each time the entire radiation is raised one degree in 
temperature. 
608 X 61 = 37,088 B.t.u. 

For the iron there will be 

30,000 0.13 = 27,300 
This will mean 

64,388 


970 X 34.5 1.92 hp. per deg. change 


The water system is only changed a few degrees in tem- 
perature while the steam radiators are cooled down en- 
tirely to the temperature of the room, 70 deg., and heated 
to the full temperature of 210 deg. each time they are 
turned on. This would mean in heat if each radiator 
were shut off once per day. 

21,843 + 27,300 (210 — 70) = 3,843,843 B.t.u. 
3,843, 843 
970 X34.5 

If the water were changed 30 deg. in temperature in 

one day it would mean only 

1.92 K 30 = 57.6 hp. 

or less than half. In moderate weather the change on 
the water system would be very much less, while radiators 
on the steam system would be turned on and off more 
frequently, with longer intervals between. The above ap- 
plies to continuous operation, which is the method adopted 
for plants of this size. There is nothing lost in either 
case as the residual heat is given off and maintains the 
room for a longer period before the heat is turned on 
again. 

Under the maximum conditions the water system will 
transfer, each time it is filled and emptied, 

37,088 Ib 20 deg. = 741,760 B.t.u. 
as against 21,843 B.t.u. for the steam system. The action 
of the two systems in heating up is somewhat different. 
The water system is at nearly the same temperature 
throughout and when heating rooms the radiators are 
heated gradually all at the same time. In the steam sys- 
tem all radiators are heated from minimum to maximum 
one at a time. The water job may take 2 hr. to heat up, 
but all rooms will receive a portion of the heat at the 
same time, while it will be nearly the full interval of 


= 114.9 hp. 
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time before the last radiator on the steam job receives 


any heat at all. 


The time necessary to raise the building from 40 deg. 
outside and in to 70 deg. in the rooms with a tempera- 
ture on either system not exceeding 210 deg. at any time 
will be determined. A temperature of 40 deg. was as- 
sumed because if the building was at a lower temperature 
with a lower outside temperature either system would be 
incapable of raising the rooms to 70 deg. until the weather 
hecame warmer or the pressure and temperature and boiler 
power were increased for the time being. It has been de- 
termined that 7,560,000 B.t.u. is required to replace the 
heat loss of the building at 70 deg. inside and zero out- 
side. This capacity per hour cannot be increased on the 
steam system without changing the pressure and tempera- 
ture. The rate per degree per minute would be 

7,560,000 

60 TO 
If the heat loss from the building is being replaced at the 
same time the temperature of the rooms is being raised 
it will take 3600 B.t.u. per deg. raise per min. The ca- 
pacity of the steam mains at the temperature named will 
be 9000 Ib. per hr., which will supply 8,730,000 B.t.u. per 
hr., or 145,500 B.t.u. per min. The iron in the job will 
require 

30,000 & % & 0.13 (210 — 40) = 4,641,000 B.t.u. 

To find the total heat required to raise the steam sys- 
tem from 40 to 210 deg. with a steam temperature of 210 
deg. at a rate of 145,500 B.t.u. per min., divide the series 


of radiators and the heat required for the cast iron into 
three parts. 


= 1800 


4,041, 
4,641,000 _ 1,547,000 B.é.u. 


3 
The first section of 10,000 sq.ft. will radiate heat at an 
average of say 50 deg. and will take 
10,000 X 1.8 (210 — 50) = 2,880,000 B.t.u. per hr. 
2,880,000 
60 


= 48,000 B.t.u. per min 


The iron in the first section will heat up in 
1,547,000 

145,500 — 48,000 

When the second section is heating up it will be necessary 

to supply the radiation in the first and second sections 

end the iron in the second section. The radiation of the 

second section at 60 deg. will require 

10,000 & 1.8 (210 — 60) = 2,700,000 B.t.u. per hr. 


= 15.9 min. 


2,700,000 
—— = 45,000 B.t.u. per min. 
then 
1,547,000 


145,500 — (48,000 + 45,000) ~~ 5 min 


When the third section is heating up, the radiation at 70 
deg. will require 

10,000 1.8 (210 — 70) = 2,520,000 per lr. 

— = 42,000 B.t.u. per min. 
1,547,000 

145,500 — (48,000 + 45,000 + 42,000) 
The total time will then be 

15.9 + 29.5 + 147.3 = 192.8 min. = 3.21 hr. 


= 147.4 miu. 


] 
eth 
Past 
ray 
+ 
att 
} 
ae? 
1 
: 


August 12, 1913 


TABLE I. 


Dit. 
Water 


Min. 
for each 


Ratio 
Show- 


and 
Steam 


Heat Ap- TotalB.t.u. Trans. 


Rise in 
Cap. Temp. 


Applied each 
Rise Raise Temp. From 40 Period 


plied to 


Total 


Period 


B.t.u. per B.t.u. per Col. XII 


B.t.u. Re- B.t.u. Re- 


quired by 


Rise 
Water Heater 


Temp. 


ing De- 


Temp. 


quired by Total B.t.u. 


Iron 
and 


crease Heater Cap. of Cap. of 


in 


Heater 


Aver. 


Deg. to 3600 B.t.u. 


End Each XX Col. 


Temp. Bldg. from 


Min. De- + Col. 
livered to livered to VI—Col. 


Hour De- 


Required 
by Iron 
and Water 


Water 


Iron 


Final 


in 


Heater 


in 


Temp. 


40 Deg. 


Each 
Period 


XVIII 


Total 


B.t.u. per Hr. Trans- 


Steam Heater in Per B.t.u. per B.t.u. perin Heater Boiler Water Temp. (210,000x0.13 (37,088 


Water 


Period XVII 


Outside 
XIX 


Bldg. Bldg. XV Time 
XV 


XIV 


mitted to Bldg. 


Lb.) 
XI 


2,596,160 


Hp. from 40° Deg.F. per deg.) 


Min. Deg. F. 
VIII 


Hour 


19,530,000 325,500 


Cent. 


Cap. 


325° 


Deg.F. 


XXI 
54,540 


xX 


424,200 


XVII 


XVI 


XIII 


30,000x1.6x (7 


XII 


4,507,160 


Vil 


VI 


IV 
217 


28,000 


680,000 


5—40) 


1,911,000 


70 110 


567 


473,400 897,600 82,944 


10.82 


7.89 23.04 


60,000 


3,600,000 


1,609,700 30,000x1.6x(123—48) 


682,500 927,200 


95 135 


459 


42 


15,840,000 264,000 


202 202 176 


123 


115 
177 


ll 


1,712,400 120,744 


814,800 


14.18 


33. 


- 


10.5 


77,600 


4,656,000 


1,609,700 30,000x1.6x(148—51) 


682,500 927,200 


120 160 


402 


15 13,860,000 231,000 37 


177 


148 


3,339,266 179,136 


1,626,866 


18.63 


16.22 49.76 


100,300 


6,018,000 


1,609,700 30,000x1.7x(172—34) 


682,500 927,200 


145 185 


347 


32 


11,970,000 199,500 


153 133 


153 


172 


1,877,072 5,216,338 238,464 


66.24 21.87 


16.48 


113,906 


6,834,000 


965,820 30,000x1.7x(193—-59) 


556,320 


409,500 


200 


300 


27.4 


10,350,000 172,500 


115 


ie 


369,369 


089 549,396 


10,028,089 
16,463, 


4,811,751 
6,435,000 


27.15 
29.964 


102.61 
152.61 


36 
50 


132,300 
128,700 


938,000 
22,000 


7, 
7,7 


30,000x1 . 8x(210—63) 
30,000x1 . 8x(210—67) 


643,880 


370,880 


273,000 


261 170 210 


9,000,000 150,000 24 


115100 
115 


115 


210 
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The heat delivered to the room will be approximately 
B.t.u. 
9X 48,000 = 763,200 
93,000 = 2,743,500 
4X 1 


10,945,960 


147 


35,000 = 19,899,000 


23,405,700 
At a rate of 3600 B.t.u. per min., the 
will give off 
192.8 & 3600 = 694,080 B.t.u. per deg. rise 
so that the rise in the temperature will be 
23,405,700 
694,080 
and the rooms will be at a temperature of 40 + 34 = 74 
deg. This, of course, contemplates no increase in pressure 
or tomqunasnne of the steam. 
te time of heating up in both systems should be cal- 
culated by calculus, using infinitesimal increments of 
radiation for the steam and temperatures for the water, as 
the smaller these increments are the nearer accurate the 
summation of the series. The method followed is more 
simple, however, and near enough for purposes of com- 
parison. 

The table gives the time of heating up with a hot-water 
system worked out along the same lines. As the water 
starts off at 40 deg., the heater capacity is enormously in- 
creased as shown in cols. IV, V and VI. The boiler horse- 
power is given in col. V III. Any reduction in this will 
increase the length of time required. Average and final 
temperatures of water are given in col. IX. The B.t.u. 
required for the iron and water are given in cols. X, XI 
and XII. The rate of transmission of heat is given in 
cols. XIII, XIV and XV atid the time for each period 
in minutes in col. XVI. The total time required is 152 
min. The total rise in temperature of the room is given 
in col. XVIIT as 29.964 deg. The last quantity in col. 
XVI, 50 min., was assumed as the time to actually raise 
the room to 70 deg., would be indefinite if considered 
theoretically. 

The action of the two systems is as follows: The 
steam has the maximum transmission of heat from the 
radiators at the beginning, while the water is maximum at 
the final period. The steam system will have required 
23,392,200 B.t.u. in 192.7 min. and the water 25,911,274 
B.t.u. in 152.6 min. 

Primarily both systems depend on the available boiler 
power in the building. The high horsepower for the water 
system, 567, is only required for 15 min. It would be im- 
possible on the steam system to introduce the heat more 
rapidly without a change in pressure and temperature. 
As a matter of practical operation the water system when 
starting off at the beginning of the heating season would 
require for the water the minimum temperature of 120 
deg. This would require a transmission to the building of 
2,400,000 B.t.u. To raise the iron to 120 deg. from, say, 70 
deg., would take 

30,000 & 50 & 0.13 & 
The water require 

698 & 50 & 61 = 1.854.400 
making a total of 3.219400 B.t.u. The rate of transmis- 
‘ 
eee = 40,000 B.t.u. The time 
60 

of he»ting up the iron at a rate in the heater of 264,000 
B.t.u. per min. will be 


radiating surface 


34 deg. 


1,365,000 


sion per minute is 
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3,219,400 
264,000 — 40,000 


For the steam system it will require 3.21 hr. before the 
iron in all the radiators is up to 210 deg., the tempera- 
ture of the medium. 

In actual practice the steam consumption of the steam 
system with automatic control and the hot-water system 
system would be practically the same under continuous 
operation, but the advantage would lay with the water 
system in moderate weather (75 per cent. of the time) 
in its ability to utilize exhaust steam under temperatures 
corresponding to fair vacuums. The temperature at which 
the steam is utilized in the vacuum system would be con- 
stant and near 215 deg. regardless of the requirements. 

The discussion shows that the water system will resist 
freezing longer, maintain the temperature of the rooms 
longer after a shutdown, and can be heated up quicker 
than a vacuum steam system unless the pressure and tem- 
perature of the steam are increased. 


= 14.4 min. 


Flow of Water in Shunted Radiators 


Some time ago Mr. Durand, in his criticism of Mr. 
Brewster’s article on the flow of water through radiators 
connected in shunt with the supply main of a forced 
hot-water system, presented a view of the subject quite as 
incorrect as that in the article criticized. Both theories 
are wrong because each disregards the basis of the other. 

Mr. Brewster’s idea, that the flow in the shunt is pro- 
duced solely by the difference in the weights of the as- 
cending and descending columns of water A-B and C-D, 
Fig. 1, is incomplete in that it does not take into account 
the differential pressure produced by the friction of the 
shunted portion of the main #-/’, and would in most 
cases lead to the use of excessively large radiator branches. 
However, a system designed on this basis would operate 
satisfactorily but with a temperature drop in the shunt 
cireuit much smaller than that expected by the designer. 

Mr. Durand’s contention that there would be no cir- 
culation if a tank were substituted for the supply main 
and the radiator branches were left uncovered, is dis- 
proved by the many gravity hot-water systems now in 
operation in which none of the piping is covered. To 
demonstrate more positively that there will be a flow un- 
der these conditions, it would be well for those still in 
doubt to try the, following simple experiment which will 
show the action very clearly: 

In Fig. 2, C is a receptacle filled with warm water, 
colored by adding a few-drops of ink, and A-B is a siphon 
formed of 14-in. glass tubing. A-B is filled with clear, 
cold water, care being taken to drive out all air bubbles, 
then inverted and held so that both ends come below the 
surface of the colored warm water. Upon removing the 
fingers from the ends of the tube it will be found that the 
colored water will rise in one of the vertical sections and 
in a few seconds fill the entire circuit. Circulation will 
continue as long as the water in the receptacle is kept 
warm. The substitution of iron pipe for the glass tube 
will in no way alter the conditions and the introduction 
of a radiator in the cireuit will tend only to accelerate the 
flow by causing a greater temperature drop. 

In Fig. 1 we have the condition generally met with 
in, single-pipe work and one in which the gravity head 
plays but a very small part. Assume height A-B as 2 ft., 
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water temperature at A 200 deg. and at C’ 180 deg. The 
available gravity head will be 0.016 ft. while the differ- 
ential due to the resistance of the shunted portion of the 
supply main will usually range between 0.1 and 1 ft., 
depending upon the distance #-F, size of main and veloc- 
ity of flow. In such cases it is well to neglect the gravity 
head entirely and let it take its place as a safety factor. 

Fig. 3, on the other hand, presents quite a different 
view of the subject. Height A-B is now 30 ft. and the 
available differential due to #-F is 0.2 ft. With water 
temperatures of 200 deg. at A and 180 deg. at C there 
will be a working gravity head of 0.24 ft., making the 
circuit capable of passing a quantity of water sufficient 
to heat 50 per cent. more radiating surface than would 
be possible if the gravity head did not exist. It is not 
well, however, to allow the gravity head in such a circuit 
to greatly outweigh the differential produced by E-F as 
the circulation is liable to become sluggish with the low 
water temperatures used in mild weather and lead to poor 
heat distribution among the various radiators, especially 
those placed at widely varying elevations above a com- 
mon supply main. 

Fig. + illustrates a form of connection in which a care- 
ful consideration of the gravity head becomes of the 
highest importance. In this case it does not act as an 
auxiliary to the differential produced by £-F but as a 
stubborn ‘negative force. Assume A-B as 15 ft., differ- 
ential due to #-F 0.2 ft. and temperature of water in 
main 200 deg. Valve Y is closed and the water tempera- 
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ture in the radiator and its branches is 70 deg. Valve 
is now opened and the 0.2 ft. differential allowed to 
force hot water from F toward B. The descending col- 
umn of 200-deg. water will move to a point P which, if 
there are no heat losses from #-B, will be located at a dis- 
tance of about 6 ft. below A. Further flow will now be 
impossible as the difference in the weights of columns 
A-P and C-P" is exactly equal to the available 0.2 ft. 
differential. Actually there will always be heat losses 
from £-B which will lower the temperature of the water 
column A-P and gradually bring plane P-P’ to the level 
of the supply tapping B of the radiator with a tempera- 
ture of a trifle over 70 deg. at B. The rate of flow will 
he infinitesimal and the radiator will remain cold. In 
dealing with a case of this kind, distance E-F, size of 
main and velocity of flow must be so proportioned that 
the differential due to #-F will be sufficient to overcome 
the gravity head plus the frictional resistance of the cir- 
cuit. This frictional resistance need not be taken as tha’ 
produced at maximum flow as the opposing force of the 
gravity head will fall to a small fraction of its origina! 
value after flow has been established. 


H. A. 
Brooklyn, N. Y. 
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Choice of Fuel 


Certain parts of boiler-house equipment are, or should 
be, selected according to the character of fuel burned. 
The same is true of the general layout of the plant itself 
as well as the design of the boiler furnace and many 
other things directly controlled by the fuel. There- 
fore the character of the fuel should be determined in 
advance of the construction of the plant. If this cannot 
be done the characteristics of the several available fuels 
may be investigated to determine whether the choice will 
not narrow down to a very few varieties so that their 
peculiarities as a whole may receive proper consideration, 

There are many different kinds of coal, but the value 
of any kind is measured by its capacity to produce heat, 
or the number of pounds of water a pound of it will 
evaporate as compared with its competitors. This gen- 
erally should determine the choice. Often it is not easy 
to decide, particularly when the available coals differ 
widely in physical characteristics as well as in chemical 
composition. 

For example, a long-flame coal will require a larger 
furnace than a short flame coal. The volatile, ash and 
sulphur content will materially influence the selection of 
equipment. Other peculiarities of coal may be of minor 
importance sometimes and at others be the deciding fac- 
tors in determining the selection. Some of these are: 
the relative ability of the coal to bear transportation and 
rough handling, its deterioration from weather exposure, 
tendency to spontaneous combustion in storage, ete. 

Where the plant is near enough to the anthracite fields 
such coal is often preferred. Then the choice is restricted 
to the selection of the particular kind and grade—the 
main issue probably being the size, pea or buckwheat. 
Of these two, probably the latter, if of good quality, 
reasonably free from slate, etc., will prove more econom- 
ical than the larger size. Buckwheat generally requires 
more grate area to burn without forcing the fires. 

Where natural gas or oil is available at a reasonable 
figure, it may be expedient to use one or the other in- 
stead of coal. The selection of proper boiler-house equip- 
ment is then usually easy, although not always free from 
complexities. Attention must be given tothe probable 
future cost as compared with coal and to the element of 
permanency, or probable duration, of the supply. 

Both oil and gas as fuels have their advantages and 
incidental economies often make them cheaper than coal, 
even when their cost, compared on a thermal basis, is 
much higher. Cleanliness and absence of dirt, smoke and 
ashes, are considerations as well as low labor costs and 
ability to raise steam quickly, maintain a constant pres- 
sure and instantly bring the plant up to its maximum 
capacity. On the other hand there is the risk of a per- 
Manently exhaust fuel supply or of its temporary cur- 
tailment. (There is also more or less fire risk in con- 
Nection with oil or gas firing, but particularly with the 
former when carried in storage. 
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As a rule where a new plant is to burn either oil or 
gas it should be designed and arranged so that it can be 
quickly and cheaply changed to burn coal. 

The size as well as the location of the plant often gov- 
ern the selection of fuel. If small, so that the total 
cost of fuel is not important, considerations of cleanliness 
and convenience may outweigh that of cost. If in a city 
or town near residences, or at industrial plants where 
smoke and soot are particularly objectionable, the use 
of anthracite coal, gas, oil or coke, all of which have 
merits especially commending them for use in such plants, 
is entirely justifiable. 

Producer gas for firing boilers has received but scant 
consideration up to the present, possibly because gas pro- 
ducers apparently have not reached an efficiency and 
economy that would warrant such use of the gas or be- 
cause its direct use in gas engines seems more logical. 
In a few isolated cases producer gas may be used for 
steaming purposes to advantage, as, for example, where 
the gas is made in very large quantities for metallurgical 
furnaces or for other purposes. In such cases it might 
be good policy to operate the boilers with the same kind 
of fuel, if the quantity required is small in comparison 
with the total amount produced. 


Integral Boiler Shells 


The introduction and development of electric and 
autogenous welding naturally suggest the passing of the 
riveted joint on boilers and other vessels under pres- 
sure. A weld may be made by either of these processes 
which has the full strength of the sheet, and if one 
could only know that this had been done, that a sheet. 
or sheets could be joined and rolled into a perfect cylin- 
der with no irregularity of surface, stronger than a 
riveted shell of the same thickness, and free from the 
hidden crack of even the butt-strapped riveted joint. 
the ideal in shell construction would seem reached, 

But who shall say if the weld is perfect? A riveted 
joint with modern shop methods must have, initially at 
least, about the calculated efficiency. Drifting and 
sledging may impair the integrity of the material and 
lack of rotundity may allow continual working which 
may result in fracture, but one may justly fee! a con- 
siderable degree of confidence that two sheets held to- 
gether with well-driven rivets will require pretty nearly 
the calculated stress to part them. With the weld, how- 
ever, it is largely a matter of faith. A little careless use 
of the flame and the metal is burned, its structure com- 
pletely changed and its tenacity impaired: a failure to 
obtain a complete union, any impurities upon the sur- 
faces, and you have already an incipient crack; and so 
far as is yet known there is no way to tell how good 
the weld is without pulling it apart. 

Professor Kautny, of Niirnberg, who has done more 
than any other to develop the art of autogenous welding 
and to find new applications for it, has incurred the im- 
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patient criticism of the promoters of such systems and 
appliances by taking a firm stand against the use of 
such welding for pressure vessels until a method is de- 
veloped for proving the integrity of the weld. Some 
of our readers may be able to suggest such a method. 
A prize contest has developed suggestions based on elec- 
trical and heat conductivity, vibration, sound, ete. Ex- 
tensometer tests might be illuminating. Welding is being 
extensively and successfully used in joining fittings to 
steam mains, receivers, etc., in an effort to avoid joints 
and reduce maintenance. Who shall say how far we may 
go in this direction? 

It is physically possible to do away with the joint 
altogether, riveted or welded. The Russian Government 
has some boilers building the shells or drums of which 
are made by boring out a forging some two and a half 
feet in diameter until only a shell of something over an 
inch is left. Seamless tubes are drawn up to ten or 
twelve inches in diameter and could be drawn larger if it 
would pay. Krupp got his start by rolling jointless loco- 
motive tires. He could roll cylinders too if there were 
a demand for them backed up with sufficient cash. 

The development of the steam boiler is in the direction 
of smaller shells, making the passing of the rivet more 
of a possibility. 


The Renter Attitude 


An operating engineer sometimes gets the idea into 
his head that the “consulting engineer” is a dangerous 
factor in the field of power-plant engineering. He de- 
velops a kind of vague and indefinite fear that he stands 
in constant danger of losing his place on account of the 
relations of some consulting engineer with the manage- 
ment of his plant, and when the consulting engineer 
undertakes any tests of the plant he thinks the danger 
has become acute, and he fails to codperate in the work 
of investigation and improvement. 

Nothing could be farther from the truth than this fear, 
and no action on the part of the operating engineer 
could be more damaging or dangerous to his cause than 
is this failure to codperate. 

Here is a story from “real life” that bears out the 
argument. 

The engineer of a small plant within fifty miles of 
New York had two boilers in service running at about 
half their capacity, and evaporating a trifle more than 
six pounds of water per pound of soft coal having a 
heat value of 13,400 heat units. A consulting engineer 
was called in, and his expert combustion man taught the 
engineer of the plant how to fire the boilers so that an 
actual evaporation of eight and one-half pounds of water 
per pound of coal was secured, thus effecting a saving of 
nearly thirty per cent. in the fuel cost. 

The engineer is still on his job, happy over the im- 
provement made in the operation and giving satisfactory 
service because his practice in the boiler room is now 
in line with the latest information and experience. 

What would have happened to this engineer if he had 
failed to codperate in this move and declined to accept 
instructions from the expert combustion engineer? Dis- 
missal, almost certainly. 

And, as knowledge of smokeless and less wasteful com- 
bustion becomes more general among manufacturers and 
other power-plant owners, there will be an ever increasing 
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number of plant examinations and improvements. Engi- 
neers who have been “jogging along” at the old rate wi!. 
be forced to wake up, bring their practice up to date, 
and live up to the new standard. Wise and progressiv«: 
operating engineers will take the steps along the line o: 
improvement in this branch of their work before their 
employers “‘get wise” and make a demand for it. The 
operating engineer had better make the discovery of weak- 
ness for himself, choose his own doctor and get the credit 
of effecting the cure, than to wait for his employer to | 
discover it, select the physician and force the cure. 


ve 


Factory Fire-Chiefship 


The recent fire at Binghamton, N. Y., in which more 
than. fifty girls lost their lives, is another demonstration 
that, despite the good work of various factory commis- 
sions, numerous fire traps still exist in violation of law. 
It is claimed that this fire did not last more than twenty 
minutes, yet the inflammable material of which the struc- 
ture was made and with which it was littered spread the 
flames as rapidly as would celluloid. There will be an 
investigation, but what real good will come of it is diffi- 
cult to even conjecture. Somebody is to blame. 

In many factories, mills and office buildings the man- 
agement would make the engineer chief of the factory 
fire department. Some factory commissions and those in 
charge of state supervision of factories encourage this 
because they appreciate that his training as an engineer 
well qualifies him for the duties. 

This is all right if the engineer has time to care for 
and train the organization. Engineers who are now do- 
ing this work and those whom the management want to 
assume such responsibilities should make sure that they 
can properly care for the power plant while discharging 
the duties of factory fire chief. 

Should an engineer take such work upon himself, let 
him understand that the state will hold him morally re- 
sponsible but perhaps not legally so, for any serious fire 
in his factory. Every engineer knows how difficult it is 
to get the average management to purchase the labor- and 
money-saving apparatus for the power plant. Is it to be 
assumed that there will be less hesitation about putting in - 
iron stairways, fire-doors, etc., and making more exits 
when the fire chief points out the necessity for such 
things? Should a fire break out in the meantime, caus- 
ing loss of life in sufficient numbers to warrant an in- 
quiry, will it be easy to prove that the factory fire chief 
did all he could to prevent it ? 


“Advantages and Applications of the Low-Pressure 
Steam Turbine” was the subject assigned for the Still- 
man prize paper, open to competition among members of 
this year’s graduating class of the Stevens Institute of 
Technology. On page 220 of this issue will be found 
an abstract of the paper for which the prize was awarded. 
Our readers who are especially interested in the place 
which is occupied in the power field by the low-pressure 
steam turbine, if not instructed, will at least be evter- 
tained by the author’s review of the subject. Tt strik- 
ingly shows the proficiency which students of a pioneer 
school of engineering may attain in the discussion of 4 
broad subject of modern practice. 
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Novel Control of Steam for Pump 

There have appeared lately in Power a number of 
pump-indicator diagrams, which recall to my mind a 
method of pump control by a novel distribution of steam 


within its cylinder. The pump not being piped for an 
indicator, no diagrams can be shown, but had some been 
taken they would reveal operating conditions as outlined 
in Fig. 1. It will be noticed that a cutoff of steam is 
effected, and that expansion for half the stroke is shown, 
but the back pressure dissipates the economy. 

When a new feed pump was installed in a certain plant 
the engineer piped the old pump to supply water to a 
large tank on the roof. Experiencing some difficulty in 
regulating it, as the steam piston was of such an area 
that by computation 25 lb. was sufficient pressure to op- 
erate it, he attempted to control the steam distribution 
by cutting off at half stroke, and compelling the piston 
to continue on by expansion of the steam behind it. The 
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VALVE FOR VARYING THE Back PRESSURE ON THE 
EXHAUsT FROM A PUMP CYLINDER 


throttle pressure was 50 I|b., being the boiler pressure 
lowered to the limit of a reducing valve. 

Having an old 2-in. superheat valve, he piped it to the 
exhaust outlet, and made such changes in its exposed gear 
as would cause it to maintain 25 lb. back pressure for 
half the stroke, and thence gradually to lower the pres- 
sure to zero. He accomplished this by sawing the valve 
stem in two, and interposing the spool A, Fig. 2, which is 
pinned to the upper half of the stem, while allowing the 
lower stem to move freely a certain distance within the 
bore. The right pressure on the valve disk was obtained 
by manipulating the nut that governs the compression on 
the two springs shown. 

Now if the spool A be raised slowly by hand the valve 
dis will retain its seat for a time, but the tension of the 
lower spring will be gradually relieved, and finally the 
dis itself will be lifted when the bottom edge of the slot 
in the spool comes in contact with the lifting pin B. This 
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was accomplished mechanically by the use of the two cams 
C and D mounted on the shaft #. To the other end of 
this shaft are secured the irregularly shaped bell-crank 
arms F and G, which are caused to rock back and forth 
by the roller H, on the tappet arm of the pump, coming 
in contact alternately with each at half stroke. The shaft 
E is supported by a bearing (not shown) attached to a 
standard secured to the catch basin of the pump. 

The operation is as follows: 

When the piston stands at the end of the stroke, the 
position of the parts of the device is as shown in the 
sketch. The valve carrying the auxiliary piston has opened 
the steam port, and the exhaust is free to leave the cyl- 
inder. But as the improvised back-pressure valve is 
closed, only an amount such as will reduce the exhaust 
pressure to 25 lb. can escape. During the first half of the 
stroke the piston is moved by a motive pressure of 50 
Ib., against a fluttering counter-pressure of 25 lb., which 
leaves 25 lb. as the effective pressure. 

At the half-stroke position the steam valve closes and 
the roller 7, engaging with the arm G, starts to rock the 
shaft #. If two indicators were in use the lines of the 
diagram (Fig. 1) recorded thus far would be ZA (admis- 
sion), AB (steam) and CD (back pressure). From this 
middle point the steam expands and the expansion line 
BF is described. Likewise, as the shaft EZ is rocked, and 
the cam D in consequence lifts the spool and gradually 
relieves the pressure on the valve disk, the back pressure 
is lowered, and the apparent expansion line DG is formed. 
Thus theoretically there exists an effective pressure of 
about 25 lb. throughout the stroke. 

The shape of the cams is such that just as the tappet 
arm of the pump strikes the tappet the back-pressure 
valve closes quickly, and the cams assume the position 
shown in Fig. 3. 

On the return stroke the conditions are the same—the 
roller on the tappet arm then comes in contact at half 
stroke with the rocker-arm Ff’, and the cam C now re- 
lieves the back pressure, while the cam D returns to its 
starting position by the action of the small spring M 
(Fig. 3), which connects it to the setscrew of the collar. 
The dotted lines running from the keys VN indicate por- 
tions cut off the cam to allow of this return. 

R. O. 

Framingham, Mass, 


Burning Crude Oil 


I have read articles describing various methods of 
burning fuel or crude oil, but have never seen anything 
resembling the method used in the plant where I am em- 
ployed, which contains four 250-hp. water-tube boilers. 
One is out of service most of the time for washing, on 
account of bad water, leaving only three boilers avail- 
able for constant service. These must develop up to 
225 per cent. of the rated capacity to handle the load, 
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which at times drops to the normal rated capacity of the 
boilers. 

After trying out different furnaces and burners with 
various degrees of success, but still being unable to get 
the required amount of steam without making black 
smoke, the outfit shown in the accompanying illustration 
was devised and installed. 

The burners are composed of a 34-in. oil pipe inclosed 
in a 2-in. steam pipe, steam being used to heat, vaporize 
and atomize the oil during its passage through the heater- 
burner, which extends from the front of the ashpit, back 
through the same, and up through openings in the bridge- 
wall to a point about midway between the slightly in- 
clined grate level and the boiler tubes. 


Steam gathers the vaporized oil as it is discharged from | 


the oil nozzle and hurls it toward the front of the fur- 
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nace where it meets a supply of air coming up through 
a 4x6-in. opening in front of each burner left in the 
floor of the furnace. This air, however, is not sufficient 
to produce complete combustion; therefore a secondary 
supply is afforded through the hollow bridge-wall, shown 
in section AB; this air supply is regulated by a hand 
damper. 

In passing the secondary air through the bridge-wall 
as often as possible before releasing, it is brought to the 
highest possible temperature, thereby instead of cooling 
the gases coming to the combustion chamber, it mixes 
with and ignites with all the unburned gases. 

It is possible to run with very low stack draft, giving 
a low gas velocity, which contributes largely toward a 
low stack temperature, high CO, and consequently greater 
efficiency at heavy overloads. 


Pittsburg, Kan. B. W. Bascock. 
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Feeding Compound to Boilers 


For the best results, boiler compound should be intro- 
duced regularly and systematically instead of at infre- 
quent intervals. If introduced only when the boiler is 
shut down, not only are the periods between treatments 
too long, but much of the compound is blown out of the 
boiler in the course of ordinary running, long before a 
new charge is introduced. 

To avoid this condition the best method is to use some 
form of continuous feeding apparatus so that the com- 
pound can be put in at any time and in any reasonable 
quantity. Small quantities injected daily accomplish the 
best results and avoid foaming. It is better to put in a 
pound a day regularly, than 20 lb, and then wait ten days 
and “give another dose.” Some means of introducing the 
compound into the feed water as it goes to the feed pump 
are best. For this purpose we use the outfit illustrated. 

Supported by brackets on the wall of the boiler room 
about + ft. above the pump is a wooden tank 4x8x4 ft. 
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in which the compound is mixed with water and is kept 
warm and agitated by a 34-in. steam line feeding a coil 
of perforated pipe on the bottom of the tank. 

In one corner of the tank near the bottom is a 1-in. 
line with an elbow turned up inside of the tank and con- 
nected to the drip ell on the suction side of the feed 
pump. In this 1-in. line there is a valve for regulating 
the supply of compound to the boilers. This method has 
worked with success since its installation and is feeding 
compound to nine % aie water-tube boilers. 

C. E. ANDERSON. 

Chicago, Ill. 

| There is no question of the truth of the first statement 
in the above letter. Compound manufacturers advise the 
continuous feeding wherever possible and common sense 
indicates the advantage. The device described is one of 
the simplest and most evidently satisfactory home-made 
schemes that has come to our attention. We shall be glad 
to hear from readers who can suggest any improvements 
on this arrangement.—EDIvTor. | 
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| QUESTIONS BEFORE THE HOUSE 


Why Vacuum Is Not Higher 


W. H. Shew, in the June 17 issue, page 867, fails to 
state the amount of steam that the surface condenser is 
to handle or the steam consumption of the engine. Either 
of these data would assist greatly in discussing the low 
vacuum obtained. Considering the given information, 
it is apparent that the condenser is too small to handle 
all the exhaust from the engine. Besides having the 
tubes well packed, the condenser should be subjected to a 
water pressure of about 20 Ib. to test for leakages by 
the tubes. The fact that the condensing water leaves 
at 90 deg. F. shows that ample water is supplied to the 
condenser. 

Usually the intake of a surface condenser is at the top 
and the discharge at the bottom to allow for a complete 
travel of the water in one direction and back before 
leaving the condenser. The size air pump used in connec- 
tion with the condenser should be stated, as it is pos- 
sible that the vacuum pump is not large enough to take 
care of the condensed vapors. 

THe Deane Stream Pump Co, 

Holyoke, Mass. 
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Boiler-Tube Failures 


An account of an accident to a boiler in a New York 
hospital is given on page 40 of the July 1 issue. Some 
of the conclusions drawn from this accident are apparent- 
ly incorrect, and may mislead some readers in their  at- 
tempt to arrive at the cause of other accidents of a sim- 
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ilar nature. The account states that the rip in the tube 
was 12 in. long and 8 in. wide, and then goes on to say 
that it was undoubtedly due to a defect in the tube, as 
it was thin where it ripped. The article then states that 
it appears that the tube could not have been overheated 
as there was plenty of water in the boiler and there was 
no scale in the tube, even beyond the ripped portion. 
While it is risky to give an opinion regarding the cause 
of any accident without having seen the parts, still the 
evidence in this case is pretty strong that the cause of the 
accident was overheating, due to scale. The fact that no 
scale was found in the tube does not alter the case, be- 
cause an accumulation of scale at the affected point may 
be the cause, and even if the tube should be generally 
scaled, the disturbance to the tube at the time of the ac- 
cident would shake it all loose and the outrush of steam 
an water would be certain to carry it out of the tube. 
T have seen many tube ruptures, and never in my experi- 


ence have I seen a rupture of the extent of the one in 
question, where any considerable amount of scale was re- 
tained in the tube. The thinning of the edges of the tube 
at the point of rupture would indicate that overheating 
was the cause of the trouble, because in such cases the 
edges are nearly always pulled down to a knife edge. 
Practically the only way to tell if a boiler tube has 
been ruptured, due to poor material or to thinning down 
to a point where it is no longer capable of resisting the 
pressure, is to measure the circumference of the tube at 
the rupture, or to measure what was the circumference 
at the instant of failure, and by comparing this measure- 
ment with the original circumference of the tube, the 
fact as to whether the tube has actually increased in cir- 
cumference or not can be determined. A tube that has 
failed on account of imperfect material or a gradual thin- 
ning down, will usually measure the same diameter at 
the point of rupture as it would at any other point. 
The figure will show how the measurements mentioned 
are to be taken, and if the measurement A (length of 
metal, not space, between the ruptured edges) is more 
than that at B the tube has been stretched in circumfer- 
ence in rupturing, and such stretching usually denotes 
overheating as a cause of failure. Of course, a thin edge 
due to general corrosion of the tube and one due to the 
metal pulling down in the act of rupturing, should be 
apparent to the eye, and the appearance of the surfaces of 
the tube at the rupture will also usually tell if overheating 
of the metal has played a part in causing the accident. 
J. E. TERMAN. 
Hartford, Conn. 


New Features in Pillow-Block Design 


I note in the May 27 issue that Mr. Campbell recom- 
mends a new type of pillow block. From a study of his 
sketch the idea does not appear to be feasible. The main 
reason being that usually modern engines do not have the 
pillow block bolted to the frame, but cast solid in one 
piece and of such shape that it would not be possible to 
use wedge bolts on the back side as he suggests. Another 
reason is that there would be likelihood of misadjustment 
which would very likely cause hot bearings. In taking 
down the bearing of the ordinary engine as built at the 
present time the top cap is taken off, and the wedge bolts 
which usually go through the cap are removed. Then the 
wedge is taken out, after which the front quarter box 
can be pushed back, and rolled around to the top of the 
shaft. To get the back quarter box out, the shaft is 
pushed ahead and the flat plate back of the box taken out. 
Then the back quarter can be removed as the front one 
was. If wedge bolts were used as suggested, it would be 
necessary to turn them back to get the box out, and it 
would be hard to get them readjusted as they were before, 
and the shaft would be thrown out of alignment. 

As usually designed the wear of the boxes does throw 
the shaft out of alignment, but ordinarily at the end of 
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six months or a year it will not be over a few thousandths 
of an inch out, and a very thin liner is required to put 
it back in place. This variation gives little trouble in the 
erank-pin brasses, as they must be given some clearance. 
In 10 months’ run our 19x18-in. medium-speed engines 
wore only enough to make 0.012 in. difference between the 
two planed alignment spots on the inside of the frame 
and the end of the crankpin. 

There is, however, another idea that is applied by one 
or two builders of large engines that might have some 
merits, and, that is to use a wedge adjustment under the 
bottom quarter of the main bearing. This provides means 
whereby the shaft may be leveled. With large direct- 
connected generators with small air gaps this feature 
might save the work of rebabbitting the bottom shell for 
some time. 

One thing is certain, and that is, that we already have 
too many novelties in the designs of engines, many of 
which have little merit to warrant their adoption. Each 
builder adds some special feature; in one it may be in the 
governor, in another in the valve-gear, connecting-rod 
ends and bearings, crosshead, oiling system, and so on 
which does not make the engine more economical or less 
expensive but sometimes makes more trouble for the en- 
gineer, and puts a monopoly on repairs. . 

J. C. HAWKINS. 

Hyattsville, Md. 


Governor Design 


Forrest Allen in the July 1 issue states that a belt on 
a large cross-compound Corliss engine broke while the 
engine was carrying full load. On starting the engine 
after the belt had been repaired the flywheel was noticed 
to be running considerably out of true. Examination 
showed that every bolt holding together the halves of the 
rim was sufficiently loose to allow the nuts to be turned 
by hand. The conclusion was reached that the bolts had 
been stretched, due to the centrifugal force of the wheel 
when the load was suddenly thrown off. Mr. Allen con- 
cludes by stating that: ‘With a 20-ft. flywheel it would 
be interesting to have the flywheel designer and the gov- 
ernor expert hand us a few figures, showing how long 
before the flywheel reaches the bursting speed, does the 
governor check the speed of the wheel, when full load is 
suddenly thrown off.” 

It is probably impossible to design a governor that 
would operate to perfection under such conditions. If a 
governor were designed to operate within 1 per cent. it 
would not eliminate the danger mentioned, because under 
conditions of sudden release of load the speed of the wheel 
even if it were only for a fraction of a revolution would 
be dangerous. 

With large flywheels there are always two conditions 
to be reckoned with; the throwing on suddenly of a heavy 
load has the tendency to suddenly retard the rim speed. 
The throwing off suddenly of load has the opposite or an 
accelerating effect. The result is that terrific strains are 
set up in each case between the rim and the hub. These 
strains, due to acceleration, or vice versa, may occupy 
only the fraction of a second. They act as a jerk on the 
wheel. 

JoHuN F. Hurst. 

Louisville, Ky. 
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Plugged Steam-Gage Pipes 


I have experienced the same trouble as told by Mr. 
Sedingers in the June 24 issue. Three steam gages were 
connected to the top of three water columns with a 3¢-in. 
elbow running at right angles to another 3¢-in. elbow be- 
low the gage, and as no valve intervened it was necessary 
to shut off both steam and water valves to the water col- 
umn in order to remove the gage. 

In getting up steam on my first Sunday morning after 
an hour of ordinary firing, the gage on boiler No. 1 
registered 95 Ib. that on No. 2, 40 Ib. and 
that on No. 3, %5 Ib. As all the boilers were 
connected to a common 10-in. header and all the 
stop valves were wide open, I surmised where the trouble 
was. 

Shutting off the pressure from the gages and re- 
moving them I found each clogged with a pasty sediment 
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of the consistency of stiff putty that required scraping 
and boring to remove. After cleaning the gage pipes 
thoroughly I replaced the gages, putting 34-in. angle 
valves at A, where there had previously been an elbow, 
and a %-in. tee at B, witha pet-cock at C. The angle 
valve permits of cutting out any or all gages without in- 
terfering with the water columns, and the pet-cock (’ 
permits of a daily blowing out of the gage pipe which is 
as clear today after six years of constant use as when 
first installed. 

I next turned my attention to the pop valves ani 
found the pop valve on boiler No. 1 would blow readily 
at 118 lb. and all the strength of two men on the lever 
could not induce even a “leak” of the valves on boilers 
Nos. 2 and 3. Removing these two valves from the boiler 
and taking out the springs, it required the blows with a 
12-lb. sledge against a block of wood to drive the valves 
off the seats. The guides were so completely “frozen” 
that it required steel scrapers to remove them. 


JoHN P. SHorr. 
New Orleans, La. 
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No Lap Engines—What engines have no lap? 
J. M. 
No lap is given the steam valves of steam pumps or of 
engines in which steam is taken for the full length of the 
stroke, i.e, where steam cannot be used expansively. 


Three-Wire System—What are the proper connections for 
a three-wire system employing one generator with a bal- 
ancer? 
A. A. 
The proper connections are given in the following dia- 
gram: 


Shunt Field of Balancer 
‘cone 
se Field of Balancer | 
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Shunt-Wound Dynamos in Parallel—We have a_eshunt- 
wound dynamo installed and are considering installing an- 
other. Will there be any difficulty in operating them in 
parallel? 

B. a. 

Not if their characteristics are the same. If the voltage 
drop as the load increases is not alike in both, the greater 
share of the load will go to the dynamo with the smaller in- 
ternal drop. To prevent it being overloaded, then, some re- 
sistance will have to be put in its armature circuit to equalize 
the per cent. of voltage drop. 


Feed-Water Temperature—In making an evaporative test 
of a boiler where should the feed-water temperature be 
taken, at the feed-water heater, where it is less than 212 
deg. F., or at the economizer, where it is more than 212 deg. 
F.? In one case the comparative rate would be greater than 
the actual, in the other it would be less. 

A. 

In the evaporative test of a boiler where an economizer 
is used or any other method of heating the water before it 
is fed to the boiler, account is to be taken of the tempera- 
ture of the water as fed; that is, the temperature should be 
taken where the water is fed into the boiler. In any event 
the heat thus delivered to the boiler is to be deducted from 
the total heat of the steam at the pressure and temperature 
of evaporation. 


Chimney Proportions—Is a chimney 90 ft. high and 5 ft. 6 
in. in diameter correctly proportioned, or should it be higher 
for this diameter? 

BR. 

The proportions of diameter and height are purely a local 
consideration. Chimneys are rarely built less than 80 ft. high 
and a 5%-ft. diameter chimney is usually made 100 ft. high. 
For a given diameter of flue the draft capacity is as the 
square root of the height. By the ordinary rating a chimney 
5 ft. 6 in. in diameter and 90 ft. high would have a capacity 
for about 660 b.hp. while 100 ft. high its capacity would be 
634 bhp. It was likely considered more economical and safer 
against wind pressure to build the chimney only 90 ft. high. 
Had it been 100 ft. high it could have been made 5 ft. 4% in. 
in diameter and still had the same capacity. 


Kstimating Coal Cargoes—How can the quantity of coal 
in a coal barge be determined? Also the quantity in an ir- 
recular-shaped coal pile? 


E. L. 
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The coal contained in a boat is estimated from the weight 


of water displaced. The volume of water displaced from 
one water line to another being estimated in cubic feet, ac- 
cording to the shape and dimensions of the boat, the weight 
producing such a displacement is found by multiplying the 
number of cubic feet of displacement by the weight of one 
cubie foot of water, 62% lb., and dividing by 2240, to get long 
tons, or 2000, to get short tons of loading which produced the 
displacement. The weight of coal in a hold can be estimated 
also by finding the volume of coal in cubic feet and dividing 
by the volume of a ton. A long ton, 2240 lb., of bituminous 
coal takes up a space of 41 to 45 cu.ft. and of anthracite 
coal, 34 to 41 cu.ft. To find the number of tons in a given 
pile or space, divide the cubic feet of space occupied by the 
cubic feet per ton. 

Methods of finding the volumes of various shapes are 
given in the Engineers Study Course, Mar. 11, 1913, issue of 
“Power,” page 354 and pages 392, 430 and 468 of issues to that 
of Apr. 1, 1913. 


Steam Backs Up—lIf, on a tandem-compound engine, a by- 
pass between the high- and low-pressure steam chests be 
cpened while the engine is running, allowing steam at boiler 
pressure on both valves; would this steam in the low-pres- 
sure chest blow through the receiver and into the high-pres- 
sure cylinder when the ports of the latter were open for ex- 
haust? 

E. R. M. 

Yes. Not only that, but steam would actually be pumped 
backward through the high-pressure cylinder into thé steam 
line if the exhaust valve were set for any compresison at all. 
Tracing the cycle through, steam is admitted in the high- 
pressure cylinder at boiler or line pressure up to cutoff. At 
the end of expansion, when ordinarily release takes place, the 
back pressure will be higher than the pressure in the cylinder 
(in fact will be line pressure) hence steam will flow from the 
low-pressure steam chest through the receiver into the high- 
pressure cylinder. As the piston returns on its stroke some 
of this steam will be driven back into the receiver, but as 
soon as the exhaust valve closes for compression no more 
steam can escape. This steam then will be compressed until 
the admission valve opens and then, being at much higher 
than boiler pressure, part will escape into the supply line un- 
til the pressures equalize. This action would be repeated on 
every stroke and no useful work would be done by the high- 
pressure cylinder. In fact it would become a compressor. 


Butterfly Valwe—What is a “butterfly” 
constructed and where is it used? 


valve, how is it 
Gg: 

The original application of the name was to a valve con- 
sisting of a pair of flap valves placed back to back. Some- 
times they are made of one piece of leather fastened down 
in the middle and often known in English practice as a 
“butterfly clack.” When made of a flexible material like rub- 
ber, canvas or leather, the chamber of the valve should be of 
considerably greater diameter than the valve and the latter 
should rest when closed on a flat horizontal grating or on a 
plate perforated with holes to which it is fastened down at 
the center, being left loose at the edges. To prevent the 
valve from rising too high, it usually has, as a guard, a thin 
metal cup formed like a segment of a sphere, grated or 
perforated like the valve seat to which it is bolted at the 
center, serving also to fasten the valve down at that point. 
Such butterfly valves are used on air pumps where they are 
frequently made with the flexible material reinforced. They 
are sometimes known as “bucket valves” when used on the 
piston of a wet-air pump. “Butterfly” forms of valves are 
frequently used on steam lines or passages for reducing or 
almost completely cutting off the discharge, in which case 
the valves are made of metal and usually have a composi- 
tion seat. Nowadays, the term is more commonly applied to 
a damper valve which is simply a valve like a stove-pipe 
damper, consisting of a disk revolving on an axis through its 
diameter. It is used for quick but not absolute closing of a 
steam line. 
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Draft and Its Measurement 


In a natural-draft plant the chimney plays a far larger 
part than is commonly suspected in determining whether 
operating results are to be satisfactory or not. A chim- 
ney which is too small means poor draft and sluggish 
combustion with all its attending annoyances and losses. 
A chimney which is too large means waste of money in 
first cost and, often, loss due to excess air. Consequently, 
it is fitting that a few points about chimney design be 
taken up at this juncture. 


NATURAL Drar7 


Before the actual formulas for figuring chimney sizes 
suitable for certain conditions are studied, it is well to 
get a thorough understanding of the principles of natural 
draft. 

This old earth is entirely surrounded by an ocear of 
a gas mixture called air. The depth of this ocean is not 
known, but is estimated at all the way from 50 to 500 
miles. As we transact most of our business at the bot- 
tom of this ocean we do so under a normal pressure, due 
to the weight of the air, of 14.7 lb. per sq.in. at sea level. 
As we get above sea level, naturally the pressure decreases 
because there is less air above pressing down. 

The volume of all gases, air included, is greatly in- 
fluenced by change in temperature or pressure. With in- 
crease in temperature the air expands, that is, the volume 
increases. With increase in pressure the volume dimin- 
ishes. These changes in volume, due to changes in tem- 
perature or pressure or both, take place according to well 
known laws. Hence, if the volume of given weight of a 
gas at a given temperature and pressure is known, it is 
possible to figure exactly what the volume would be at 
some other temperature and pressure. 

For every ordinary purpose we may take the atmos- 
pheric pressure (at or near sea level) as 14.7 lb. per sq.in., 
although actually the pressure is constantly varying slight- 
ly, due to changes in the condition of the air. As natural 
draft has to do with air at atmospheric pressure only, and 
as we have decided to consider this pressure as being 
fixed at 14.7 lb. per sq.in., there remains only one vari- 
able—temperature—to consider during the study of the 
present subject. 


ABSOLUTE TEMPERATURE 


With the pressure remaining the same the volume of a 


given weight of air increases or decreases 193 of its vol- 


ume at 32 deg. F. for every increase or decrease of 1 deg. 
im its temperature. For instance, if a pound of air at 
atmospheric pressure and 32 deg. F. has a volume of 
12.39 cu.ft., at 100 deg. F. (the pressure remaining the 
same) its volume will have increased by 

100 — 32 
$2.30 

Hence, its volume at 100 deg. would be 
12.39 + 1.71 = 14.1 cu.ft. 


= 1.71 cu.ft. 


This law holds good for all temperatures dealt with 
in steam power-plant work. If it held good for all pos- 
sible temperatures, that is, if a gas continued to shrink 


1 
499 of its volume at 32 deg. F. for every degree drop in 


temperature, when ‘the temperature dropped the 32 deg. 
from the freezing point to zero and then dropped 460 
deg. below zero, thus dropping a total of 
460 + 32 = 492 deg. 

the gas would disappear entirely. Such low temperature 
has never actually been attained; hence, we do not know 
whether or not a change in the law takes place, but it is 
quite certain that one does. 

As a result of the above law governing the expansion 
and contraction of gases through change in tempera- 
ture an imaginary standard for temperature has been in- 
vented, which is convenient to use when solving problems 
dealing with gas temperature and volume. Temperatures 
expressed according to this standard are known as abso- 
lute temperatures. The zero according to the absolute 
scale is 460 deg. below the zero on the Fahrenheit scale. 
Hence, the absolute temperature of any gas is its Fahren- 
heit temperature plus 460. 

For instance, the absolute temperature of a gas at 92 
deg. F. is 

92 + 460 = 552 deg. 

The convenient thing about these absolute temperature 
units is the fact that where the pressure remains the 
same the volume varies in direct proportion to the abso- 
lute temperature. 

To illustrate, if the volume of a gas is 14 cu.ft. per lb. 
at one temperature, say, 60 deg., and it is desired to esti- 
mate the volume at some other temperature, say, 109 deg., 
the pressure being the same in each case, it is simply nec- 
essary to multiply by the ratio (expressed as a common 
fraction) of the two absolute temperatures. The absolute 
temperature corresponding to 60 deg. F. is 60 + 460 
= 520 deg., and that corresponding with 109 deg. is 109 
+ 460 = 569 deg. Hence, the volume at 109 deg. would 
be 


14 X = 15.31 cu.ft. 
The following simple formula gives the pressure, vol- 
ume or temperature of one pound of air when any two of 
these factors are known 
Pv = 53.37 T 
where 
P = Absolute pressure in pounds per square foot; 
v = Volume in cubic feet of one pound of air; 
T = Absolute temperature of the air in degrees 
Fahrenheit. 
Transposed to the form most convenient for calculat- 
ing volume the formula is written thus 
53.37 7' 
To apply in a practical problem, assume it is desired 


+ 
b 
| 
| 
| 
4 
i 
ASE 
x 


August 12, 1913 


te figure the volume of a pound of air at atmospheric 
pressure (14.7 lb. per sq.in.) and 70 deg. F. The abso- 
Inte temperature corresponding with 70 deg. F. is 70 + 
460 = 530 deg. The pressure per square foot in the 
present example is 14.7 &K 144 = 2116.8 lb. Then, sub- 
stituting these values in the formula, we have 


v= a = 13.36 cu.ft. 
awk 


MEASUREMENT OF DRAFT 


Draft, whether mechanical or natural, is measured by 
a draft gage and usually expressed in inches of water 
similarly to a vacuum, except the latter is expressed in 
inches of mercury. 

The simplest form of draft gage is a U-shaped tube 
of ordinary glass, as in Fig. 1, and is usually fitted with a 


scale in inches and decimal fractions of an inch. One 
To Chimney 
Tube 7000 
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leg of the tube is connected with the furnace, flue, chim- 
ney, or other place where the draft is to be measured, 
and the other leg is left open to the atmosphere. The 
draft is the inches of difference in level between the 
water in the two legs as indicated in the figure. 

There are numerous other forms of gage, most of which 
are designed to give more accurate readings for small 
variations in draft than the one shown, but the principle 
of construction and the unit of measurement are the 
same. 


PRINCIPLE OF DRAFT 


Probably every reader understands the underlying prin- 
ciple of natural draft in a general way, but some may 
be a little confused as to how the height of chimney and 
temperature of gases affect intensity of draft. So, to 
make this basic theory quite evident to all, a little space 
will be given it at this point. 

Imagine a pair of frictionless and sensitive plunger 
scales, as in Fig. 2, located in an absolute vacuum. The 
connecting tube A is filled with some frictionless and 
weightless fluid. Next, imagine that 1000 cu.ft. of air 
at some ordinary atmospheric pressure and temperature, 
say, 14.7 lb. per sq.in. and 68 deg. F., were wrapped up 
in a bundle and placed on the platform of one plunger 
and 1000 cu.ft. of air at the same pressure but at a tem- 
perature of 600 deg. F. were done into a similar bundle 
and placed on the other plunger platform. 
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The weight of the 68-deg. air would be 75 lb. while 
that of the 600-deg. air would be 37.5 lb. or just one-half 
that of the former. The cooler air being 37.5 lb. heavier 
than the warmer, if the pin B were withdrawn, plunger C 
would tend to sink and plunger D to rise, due to the 37.5 
lb. difference. 

Now, assume that the plungers C and D are removed, 
as in Fig. 3, and that leg G@ is filled down to the level F 
with 1000 cu.ft. of air at 14.7 lb. pressure and 68 deg. F. 
and leg H: to the same level with air at the same pressure 
but at a temperature of 600 deg., the top of both legs 
heing open. 

If each leg is 100 ft. high above level F, the inside 
area of each must be 10 sq.ft. or 1440 sq.in., and the 
pressure per square inch at level F in leg G, due to the 
weight of air in the leg, must be 75 (weight of 1000 cu.ft. 
of air at 14.7 lb. pressure and 68 deg.), divided by 1440; 
which equals 0.052 Ib. per sq.in.* 

Similarly, the pressure at F in tube //, due to the 
weight of the air at 600 deg., must be 

37.5 = 1440 = 0.026 Ib. per sq.in. 
Thus, there is a difference in pressure in the two legs at 
level of 

0.052 — 0.026 = 0.026 Ib. per sq.in. 
with a consequent tendency of the air in leg @ to flow 
into leg /7 and push out the lighter air in the latter. 

Now, if the vacuum be destroyed and the tube be sub- 
mitted to the ordinary atmospheric pressure (say, 14.7 
lb. per sq.in. at level J) the tendency of the cold air in 
leg G to force out the hot air in H will be just as strong 
as it was in the vacuum. This is true because the pres- 
sure at level F in leg @ is 14.7 lb. per sq.in. (the atmos- 
pheric pressure at level J) plus the weight of the air con- 
tained in the leg, divided by the square inches of area 
of the tube, thus 


14.7 + 14.752 1b. per sq.in. 
Similarly, the pressure at level / in tube H is 
1.7455 14.726 1b. per sq.i 
‘ 1440 (AD pe 


Hence, the tendency of the cold air in @ to push out 
the hot air in // is the same as under the former condi- 
tions, the difference in pressure being the same 

14.752 — 14.726 = 0.026 lb. per sq.in. 

Now, as the pressure and temperature of the air out- 
side the tube are identical with those of the air within 
leg G, this leg performs no useful funetion and may be 
dispensed with, when we have left a natural-draft chim- 
ney. 

Thus, we see that natural draft is due to a difference 
in pressure due to a difference in weight between two 
columns of gas of equal height. And as the outside pres- 
sure (the atmospheric pressure) acting on these two col- 
umns is equal for any given height, this difference in 
weight depends upon the difference in temperature. As 
the pressure due to the weight of a column of fluid de- 
pends only upon the height of the column and the weight 


*This method of calculating the pressure due to the weight 
of a fluid is used simply to make the description more clear. 
If the legs were not absolutely uniform in sectional area 
throughout their height this method would cause error. It 
should be remembered that the pressure due to the weight 
of a liquid or a gas depends only upon the vertical depth from 
the surface of the fluid to the point under consideration and 
the weight of a unit volume of the fluid. The size and shape 
of the containing vessel have nothing to do with the pressure. 
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of a unit volume of fluid; and not upon the cross-sectional 
area nor the shape of the column, the intensity of draft is 
proportional to the height of the chimney above the fire. 
To sum up, then, the intensity of draft depends upon 
the height of the chimney and the difference in tempera- 
ture between the outside and the stack gases. 
The following formula may be used to estimate the in- 
tensity of draft to be expected from a chimney under 
given conditions. 

1 
D = 0.52 H X I 
where 
D = Draft in inches of water; 
H = Height of chimney above grates in feet ; 
P = Atmospheric pressure in pounds per square 


inch ; 

T = Absolute temperature of the outside air in de- 
grees ; 

T’ = Absolute temperature of chimney gases in de- 
grees. 


Thus, with a chimney 175 ft. high above the grates in 
which the gases are rising at a temperature of 560 deg. 
F. when the outside air is at 60 deg. and the atmospheric 
pressure at 14.7 lb. per sq.in., the draft would be 


520 1020 
D = 0.52 X 175 X 14.7 X 0.00094 = 1.26 in. 


D 0.52 X 175 14.7( 


Engineers’ Handy Drill 
By J. G. Kopren 


Every engineer of experience will appreciate the value 
of a drill that will enable him to drill out broken set- 
screws, pins, ete., in places where an ordinary ratchet 
drill cannot be used without dismantling much of the 


A Home-Mapr Dritt ror Narrow PLaAces 


engine, pump, etc. The drill shown may be made at the 
plant and by having a few of different diameters and 
lengths on hand many emergency repairs may be quickly 
made that would otherwise necessitate much time and 
labor. 


When natural gas is used as fuel under a steam boiler 
from 40 to 60 cu.ft. per horsepower-hour will be required, 
while the same power can be developed by the consumption 
of from 9 to 15 cu.ft. in a gas engine, so the use of gas 
under steam boilers at power plants is not to be encouraged, 
if, indeed, it should be permitted.—‘‘Compressed Air Maga- 
zine.” 
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OVER THE SPILLWAY 


JUST JESTS, JABS, JOSHES AND JUMBLES 


Everything has its day, remarks “Leslie’s Weekly.” Now 
it’s the oyster—Oyster Week. California has its Prune Day, 
Colorado its Melon Day, Washington its Apple Day. Vive le 
bivalve! From the oyster comes the pearl, and as the kid 
said: “Me sister got a diamond outer a lobster!” Every day 
is lobster day. 

Speaking of shell fish reminds us that tripe was once a 
luxury, and terrapin was food for negroes. Now they’ve 
changed places. Our authority is a catalog of public docu- 
ments. To tell the honest gawdstruth, we wouldn’t know a 
terrapin if we met it face to face. As for tripe, it may be 
all right for those who can get it on the wing, shoot it in the 
leg, pluck it while it’s warm, trap it, or— Say, what kind 
of a bird is a tripe, anyhow? We forget! 


On July 12 there was a snow-bank 10 ft. deep in the Ore- 
gon Roads, near Hood River. If you can bring your imagina- 
tion to bear on this scene, it may help lower your temperature 
during the hot spell. Remember, he who is without imagina- 
tion is but a dull clod at the best. Dou’t be a cled! 

“For my part,” says a writer in the “Saturday Evening 
Post,” “I am willing to put my money on a human being 
who has time for a kind and generous word for another 
human being once in a while.” While this sentiment is as 
old as pagan philosophy itself, it’s fine, solid stuff. If you 
have heretofore shied at its acceptation, try it a couple of 
times. It’s a bully bet! 


The weather plant in Washington has a new chief. Mr. 
Moore, of few “endearing young charms,” having been de- 
posed, Mr. Marvin now turns the engine over. No engineer 
has a more thankless job or so many ungrateful consumers. 
Everybody takes a hack at this hackneyed subject, the 
weather, and nobody seems satisfied. Just at this moment, 
if Chief Marvin would lick Gen. Humidity, he could be elected 
President of Mexico by unanimous vote—which never has 
happened in Mexico yet. 


Advance, Electricity! This time it’s a brush that removes 
the barnacles from the hulls of vessels without drydocking 
them, meaning the hulls. The motor is placed in water: 
tight casings. Suggest that it is applicable as a shampoo for 
some of those people who are sporting mental barnacles that 
now impede their progress. 


“Mrs. Lasalle Stoops,” says ‘“Leslie’s Weekly.” Our con- 
temporary says more than this. Mrs. Stoops (Lasalle is the 
lady’s first name) is the general manager of the Stuttgart 
(Ark.) Electric Light Co. We have no right to even insinu- 
ate that this enterprising lady is of suffragette persuasion. 
If she is, it’s a big compliment to those ladies who would 
exercise men’s prerogatives. 

The immortal George W. fell out with his daddy over a 
cherry tree; George Wallace, mechanical engineer of the 
Racine Water Co., reversed this order and allowed the tree 
to take a fall out of him. You see, he had a crazy idea (got 
it on Asylum Ave., probably) that he needed a vacation. 
Then he went to Waukesha to visit his mother. 

That dear old lady, wishing in her declining years to say 
she once saw George working, set him to picking cherries. 
He, of course, climbed the tree (he will sit down when he 
works). Soon he fell down and out into the yard of two 
old maids next door. 

Later, the local Sawbones, George says, “sat on my re- 
mains. He found he could save me by wiping a joint where 
three ribs were broken; where I broke the Ten Command- 
ments was a total loss.” 

G. W. writes he’s now as normal as he ever will be, and 
hopes that “Power’s” staff (excepting Billy Spills) will never 
suffer a like harrowing experience. Why this exception, 
George? When “cherries are ripe” for Billy, he’ll try to fall 
in the yard of one nice young maid; not two old ones. We're 
right fond of Geordie Wallace, and why he wants to push us 
off the tree is beyond our ken. 
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Power-Plant Vibration and Methods of Isolation 


By Francis H. Davies 


SYNOPSIS—Nature of vibration and its transmission 
through soils of varied character. Different kinds of iso- 
lating material to absorb vibration. 

The causes of engine vibration are often obscure, and 
the remedy, if it necessitates structural alteration of the 
engine, is generally expensive and none too certain in 
its effect. Considerable sums of money have been wasted 
in abortive attempts to cure vibration by balancing or 
the elimination of some radical fault in design ; hence en- 
gineers have for some time directed attention to methods 
of isolation which, while permitting the engine to vi- 
brate, prevent the spread of the disturbance by absorb- 
tion. For many cases isolation of this kind is quite ef- 
fective, but it is an easy matter to waste money by the 
use of the wrong material or by incorrect application. 

TRANSMISSION OF VIBRATION 

It would be out of place here to enter into the very 
complicated question of the causes of engine vibration ; 
but to apply isolating material correctly it is essential 
to understand in what manner vibration is transmitted, 
and how various types of engines differ in the amplitude 
and direction of the disturbances they set up. In no 
class of engine or machine is vibration of a simple nature, 
that is to say, entirely in one definite direction. All un- 
balanced parts tend to occasion vibration, but it is safe 
to assume that according to class, certain disturbances 
will predominate sufficiently over the remainder to make 
them characteristic of the particular type of engine; 
thus, the principal vibrations set up by a vertical engine 
are in a more or less vertical direction, while those of a 
horizontal engine are chiefly in the horizontal plane. In 
addition, both classes are subject to a tilting oscillation, 
which with some engines of the vertical type is very 
marked. 

Complications are apt to arise where two or more en- 
gines are located on a common foundation block or in 
close proximity to one another, since their vibrations will 
occasionally synchronize, even though their speeds are 
very different. This will result in more or less regular 
periods of maximum vibration followed by periods of 
quiet ; a phenomenon which has frequently been noticed 
and recorded by investigators of particular cases. 
Synchronism will occur more frequently with high-speed 
engines than with low speed; but it must not be inferred 
from this that the former are more likely to give rise to 

vibration trouble. As a matter of fact, the low-speed en- 

gine is more to be feared in this respect, as the disturb- 
ances it creates, although less frequent, are of greater 
magnitude than those of the high-speed engine and more 
noticeable and objectionable. 

It is clear that isolation of vertical vibrations is a more 
difficult matter than that of horizontal. As regards the 
latter, a small space left around all four sides of the 
foundation block will help matters, as horizontal vibra- 
tions can then only take effect through their shearing 
action on the soil under the foundation. Vertical oscil- 
lations, however, are different, and act directly on the 
subsoil through the part it is most difficult to isolate, 
bamely, the base of the foundation. If the sides of the 


block are in contact with the soil, vertical vibrations will 
also be communicated by the shearing effect above men- 
tioned, but their intensity will not be so great since the 
effort of shearing will absorb or damp a good proportion 
of the disturbance. 

The original amplitude and direction of vibration may 
be considerably modified in its passage through the soil. 
Normally, the waves may be said to spread out more or 
less uniformly from the center of disturbance, gradually 
becoming less marked and finally dying away altogether. 
The foundation itself absorbs, as it is meant to do, much 
of the vibration, and the remainder is gradually dissi- 
pated in the adjacent soil. Everything, however, wili 
depend upon the nature of the soil, which if variable, may 
produce complex effects. Rock or very wet unstable 
soil will conduct vibrational disturbances to a surpris- 
ing distance; while, on the other hand, good, dry gravei 
or sand absorb them and act as most efficient insulators. 
It is, therefore, evident that where a soil is of a com- 
posite nature, composed of well defined veins of rock or 
soil of different classes, the disturbance may travel far- 
ther in certain directions than in others, and give rise 
to vibrational effects in one or more particular spots 
at a distance while the intervening space is quite free 
from any discernible disturbance. Reflex waves provide 
a further complication, since by their means the disturb- 
ance may be enhanced in certain places and diminished 
in others in a way that at first sight it is difficult to un- 
derstand. Altogether, it will be seen that the transmis- 
sion of vibration through the soil is often a very com- 
plicated matter which necessitates a thorough investiga- 
tion of conditions prevailing in the neighborhood. 

Merruops or IsoLATING 

The system of foundation isolation by means of a space 
of a few inches all round the block is good so long as 
it is left at that. It is, however, a common practice to 
fill this space up with sand or sawdust, and while the 
effect is satisfactory for a time it is not permanently so, 
owing to the fact that whatever loose material may be 
used it will pack together in course of time and will then 
be of little value as an insulator. If it is imperative that 
the space should be filled in, the only safe course is to 
employ one or other of the specially designed insulating 
materials dealt with later. The all-important part of 
the foundation so far as isolation is concerned is, of 
course, the base, and in the past many methods of a com- 
paratively crude and unsatisfactory nature have been 
tried. Among these may be mentioned layers of timber, 
sheet lead, rawhide soaked in oil, ordinary roofing felt, 
loose felt or hair in shallow trays, sand, sawdust, granu- 
lated cork and asphalt. These have been used alone and 
sometimes in combination with one another, and in nu- 
merous simple cases there is no doubt with a certain 
measure of success. They cannot, however, be regarded 
as solutions to the problem of isolation in bad cases or 
where the plant is of any size. Their chief fault lies 
in the fact that they are either insufficiently elastic, as 
in the case of timber, or that they take a permanent set 
and eventually become compressed to such an extent that 
their elasticity is very nearly if not entirely lost. 
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RUBBER 


To be of real service an isolating material must be 
capable of responding to every vibration, and so elastic 
that after each compression it will return to its original 
thickness without taking a permanent set. It must be 
able to retain this quality for years, and must in ad- 
dition be damp proof for certain situations and able to 
resist the attacks of insects and rats. One of the first 
materials to be applied systematically to this purpose 
was rubber, and there are at present several firms spe- 
cializing in that direction. The objectionable features of 
rubber are firstly, its expense, and, secondly, its perish- 
able nature. The former difficulty applies only where 
a sheet of considerable area and thickness is used; an 
uncommon practice for that reason. A small machine 
may be economically isolated in this manner, but, al- 
though there are instances of the use of a thick sheet of 
the same area as that of the foundation, rubber is now 
seldom applied to large machinery in any form but that 
of stools or pads. 

An example of a special rubber sheet manufactured by 
a German firm recently came before the writer’s notice. 
A minimum thickness of from about 1 in. is employed, 
this being suitable for machinery weighing up to three 
tons. For heavier machinery or where vibration is par- 
ticularly bad a thicker sheet is used. It is placed either 
under the foundation, bedplate or footings, and it is im- 
portant that both the upper and lower surfaces bearing 
upon it should be very smooth so as to secure an even 
pressure all over the sheet and the necessary “suction” 
or adhesion. It would seem that the usefulness of such 
a system is restricted to comparatively heavy machinery, 
and the manufacturers do not advise it for light work. 

The best known system employing rubber stools is that 
of M. Prache, a French engineer, who has closely in- 
vestigated the problems of engine vibration. Under this 
system the machine is erected on a separate concrete bed 
varying in thickness with the weight to be carried. This 
bed, which is entirely free from the floor, rests upon a 
number of rubber stools, which in turn rest upon the 
foundation proper. Each stool is carried in a peculiar 
type of jack, the operation of which compresses the rub- 
ber and thus allows it to be withdrawn for inspection 
or renewal. To give access to the stools a trench is pro- 
vided all round the foundation. The system has been 
applied to numerous classes of machinery, and has been 
very successful when used in connection with large print- 
ing presses, the vibration of which is always considerable. 
Turbo-generating units have also been isolated in this 
way, and in the case of a 2000-kw. set the subsidiary 
foundation consisted of a slab of reinforced concrete 2 
ft. thick which rested on a series of rubber blocks 4 in. 
in diameter and 3 in. in height when under compression. 


FELT 


Felt of the ordinary type used for weather-proofing is 
of little or no practical use for isolating purposes. It 
has often been employed, and has been frequently recom- 
mended, but experience has shown that while at first it 
may give satisfaction it will in time take a permanent 
set and become compressed to such an extent that it 
loses practically all elasticity. A much better article 
than this is required for effective and permanent isola- 
tion, particularly of heavy machinery, such, for instance, 
as the “Mascolite” foundation felt manufactured by Mit- 
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chells, Ashworth, Stansfield & Co., Ltd., of London, 
Eng. The system of dealing with vibration advocated 
by this firm is one of the most comprehensive and ef- 
fective. The felts are specially manufactured in three 
grades, the first of which is a plain proofed felt ranging 
in thickness from 14% to 1 in. This is only used on com- 
paratively light work or where there is not much vibra- 
tion. In the second type, layers of the same felt are al- 
ternated with thin layers of cork, the whole being com- 
pressed tightly. It ranges in thickness from 1% up to 
114 in. or more, and finds its chief use for engine founda- 
tions. The third type employs a thin layer of vulcan- 
ized rubber between layers of felt or of felt and cork. 
The rubber is usually ;%5 in. thick and the complete pad 
about 1 in., but these dimensions can be varied. 

A very essential point with all isolating substances is 
that they should be thoroughly waterproof, and these 
felts are specially treated to that end. They are also 
immune from the depredations of insects and rats. Iso- 
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lation of this class may be applied in two ways. It may 
be placed underneath the main body of the foundation 
resting on a small subsidiary block, as in Fig. 1, or it 
may be inserted between the engine bedplate and the 
top of the foundation, Fig. 2. In the former case there 
is no difficulty with the holding-down bolts, but in the 
latter it is necessary to isolate them by bushes where they 
pass through the bedplate and also to place vibration-ab- 
sorbing washers of felt under the nuts. If these precau- 
tions are not taken, the vibration of the bedplate will 
travel to the foundation block through the bolts, and the 
isolation under the bedplate will be of little avail. As 
regards the important question of permanent set under 
load and consequent loss of elasticity, some independent 
tests taken on felt of this manufacture showed the fol- 
lowing mean results for the three classes: 


Proofed Proofed 
Felt and Felt and 
Proofed 3 Layers 3 Layers 
a Felt of Rubber — of Cork 
Original thickness, in.................... 0.5 0.96 1.02 
Depression in in. at 20,000 Ib. per sq.ft... 0.041 0.021 0.047 
Depression in in. at 160,000 Ib. per sq.ft..... 0.249 0.120 0.329 
Depression in in. at 300,000 Ib. per sq.ft... . 0.299 0.205 0.458 
Set after 24 hr. release from maximum pres- 
Cork 


Cork, if correctly applied, is a good isolating medium, 
and has been much used in the form of plates which, of 
course, have to be built up. There are three methods of 
doing this, namely, the binding together of small pieces 
of scrap cork by means of a suitable cohesive substance 
and pressure; a similar treatment which, however, dis- 
penses with the foreign binding material and relies sole- 
ly upon pressure and the natural oils in the cork; and the 
most modern method in which plates are constructed of 
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symmetrically arranged strips of treated cork bound to- 
gether in a light iron frame. As regards the first, it has 
been said, and probably with a good deal of truth, that 
the binding substance employed fills up the pores of the 
cork, which give it its high elasticity, and, therefore, de- 
stroys resiliency. Further, disintegration is always to 
be feared, and as this would result in partial or total 
settlement of the foundation the objection is a serious 
one. The second method is free from the first and per- 
haps essential disadvantage, but disintegration is to be 
equally if not more fearec, and, therefore, there appears 
to be little to choose between the two. The third system 
is the best and most reliable arrangement, but it is, of 
course, more expensive. The manner of construction is 
shown in Fig. 3, from which it may be seen that the 
strips are arranged in squares formed by an external 
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FIG.4 METHOD OF ISOLATION BY MEANS 
OF ELASTIC BUFFERS 


Power 
FIG. 3 CONSTRUCTION OF 
CORK INSULATING PLATE 


light iron .framework and internal longitudinal and 
lateral struts. The cork used is impregnated in a pe- 
culiar manner in order to increase elasticity and mini- 
mize decay, and the plates are specially built to suit the 
shape of the foundation with minimum and maximum 
thicknesses of 14 and 4%4 in., respectively. 

A series of compression tests made on these plates 
gave average results as follows: 
Thickness in in. under load of 350 Ib. per sq.in... 0 
Thickness 30 min. after load was removed, 

0 


Thickness in in. under load of 2500 Ib. per sq.in 
Thickness 30 min. after load was removed, in..................0-0e000 


Exastic BUFFERS AND Sprines 

A novel and, it is stated, effective method of isolation 
is employed by the British Anti-Vibration & Noise Co., 
Ltd., of Glasgow. The principle is illustrated in Fig. 
+. but in practice the arrangement is somewhat different. 
In the diagram one of the feet or part of the bedplate 
of the machine is rigidly connected by a stud to the in- 
ternal floating part of the device. This latter part is 
Supported in the manner shown on three tension mem- 
bers, of which the tension can be regulated by the nuts 
80 as to equal exactly the weight of the machine. By 
means of the plates at the outer ends of the rods the 
Stresses in the latter are transferred to the buffers which 
are built up of a number of elastic plates in layers, and 


POWER 249 


from these to the rigid part of the device which is fixed 
to the floor by holding-down bolts. There is a further 
elastic buffer placed between the floating and the rigid 
parts at the top of the former, as shown, and the func- 
tion of this is to take up any effect which may tend to 
raise the machine. The design of this apparatus allows 
it to absorb both horizontal and vertical vibrations, and 
also combinations of the two or elliptical vibration. Al- 
though it would appear that the stability of a machine 
might be affected by mounting on such devices it has 
been found in practice that such is not the case. If the 
tension of the elastic buffers is properly adjusted there 
is no perceptible movement and stability is not impaired. 
A very large variety of machines have been mounted up- 
on isolators built on this principle, which has also been 
applied in suitable form to the isolation of shafting brack- 
ets and alternating-current transformers. 

Springs in one form or another have been advocated 
for isolation purposes, and there is no doubt that for 
certain classes of machinery, notably electric motors, the 
proposition is feasible. It is, however, usually a diffi- 
cult matter to arrive at the correct proportions, and this 
generally involves a more or less lengthy process of trial 
and error. Springs of almost every type have been em- 
ployed for this purpose, including C-springs of various 
forms, helical springs and coach springs. The latter are 
preferable as being less sensitive on account of the fric- 
tion between the leaves of which they are built. This 
friction damps the oscillation and provides a much more 
stable arrangement than is possible with any helical 
spring. The best method of construction is to mount 
the motor on a frame of stout timbers, to the sides of 
which two or four coach or bow springs are attached by 
means of bolts or stirrups. The centers of the springs 
are fixed to the floor in any suitable way. 


Power Progress Display at 1915 
Exposition 


A feature of the display in the department of machinery 
exhibits at the Panama-Pacific International Exposition, to be 
held in San Francisco in 1915, will be the presentation of 
the successful methods of power development which have been 
evolved in recent years. 

The exhibit is to be a contemporaneous one and not of a 
historical character; and the evolution of the steam engine, 
which was the work of the last century, will play only a very 
small part. The increasing demands for power and the rising 
cost of fuel have led to the development of types of power 
producers in which a greater percentage of the latent heat 
energy in the fuel may be transformed into mechanical power. 
These developments first proceeded along the lines of devising 
types of apparatus for utilizing steam in a more economical 
manner. 

Since then the steam turbine, the internal-combustion en- 
gine, the Diesel engine and the Humphrey gas pump have 
been developed, in some cases to great perfection. The above- 
mentioned power machines will constitute the main part of 
the exhibit. 


The largest water-power permit ever issuec by the Depart- 
ment of Agriculture was signed, July 16, by Secretary Hous- 
ton, granting rights to the Pacific Light & Power Co., of Los 
Angeles, Calif., to operate power plants in the Sierra National 
Forest. The company will carry electric power 240 miles to 
Los Angeles at 150,000 volts. The permit allows twelve years 
for construction. Four power houses, two reservoirs and 25 
miles of cement-lined tunnels will be built. Part of the power 
will be used for pumping water for irrigation in the upper 
San Joaquin Valley. The electric current will be carried over 
a double steel-tower line on aluminum cables.—‘New York 
Times.” 
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Flywheel Wreck 


A 10x12 center-crank Atlas automatic engine in the plant 
of the Standard Box & Lumber Co. wrecked itself recently. 
The engine was driving two small generators which were used 
for lighting the plant, one belt from each of the flywheels. 
The automatic governor failed, allowing the engine to run 
away. The engineer was just outside the engine-room door 
and heard the exhaust increase. He started to go in, but saw 
the danger and ran to the boiler room to shut off the steam, 
but was too late. As the engine gained speed both belts left 
the wheels, bending one of the armature shafts and wrecking 
the pulley on the other one. Both the engine flywheels burst. 
Pieces going through the roof struck a box-car standing 400 
ft. away on a side track tearing the corner off the roof and 
finally landed in a vacant lot. Smaller pieces struck one of 
the main engines and carried away part of the oil cups. One 
large piece went through the end of the mill, tearing a large 
hole and lit inthe river, barely missing aman who was work- 
ing on the log boom. Another piece went through a 1-in. 
partition, striking the engineer’s tool chest, and carried away 
the top and both ends, then went through the side of the 
mill. 

The switchboard was completely demolished by flying junk. 
No one was injured. 


Western Plants Affected by Dry 
Weather 


That the water supply of Lake Tahoe will be insufficient 
for power purposes this year is the statement made by en- 
gineers in the employ of the Truckee River General Electric 
Co. after making examinations, surveys and collecting data 
and ‘statistics on the present supply of water in the lake. 
Plans are being laid to meet the emergency, but it is con- 
ceded that the outlook is very gloomy.—“Engineering Rec- 
ord.” 


Kelvin Window Dedicated 


: The Kelvin window in Westminster Abbey, which has been 

purchased by the members of British and United States en- 
gineering societies, is now complete, and the ceremony of 
dedication took place July 15. 
the group erected to the memory of great engineers. 

The design for the window has been prepared by J. N. 
Comper, who was also entrusted with the manufacture of the 
glass. The sum subscribed amounted to over $8000. The in- 
scription on the window reads: “In memory of Baron Kelvin 
of Largs, Engineer, Natural Philosopher. B. 1824. D. 1907.” 


To Fix Power-Plant Valuations 


On July 25, a Washington dispatch states, city attorneys 
and city engineers from 22 municipalities in Yakima, Benton, 
Franklin and Walla Walla counties, Washington, will meet 
in North Yakima, to begin preparations for the hearings be- 
fore the state public service commission to fix the valuation 
of the electric-power properties of the Pacific Power & Light 
Co. 

The total valuation, between $10,000,000 and $15,000,000, 
will be used as the basis for rates for current which the pub- 
lic service commission will fix for each community. 

Among the cities represented will be North Yakima, Walla 
Walla, Waitsburg, Dayton, Pasco, Kennewick, Richland, Han- 
ford, White Bluffs, Prosser, Kiona, Benton, Grandview, Mab- 
ton, Sunnyside, Granger, Toppenish, Zillah and Yakima City. 

The hearing was decided upon by the public service com- 
mission last winter in response to complaints from White 
Bluffs, Pasco, North Yakima and other cities as to rates 
charged by the company. For the last two months state 
commission engineers have been working in the field and in 
the headquarters office of the company in Portland, prepar- 
ing data on which will be based the finding as to aggregate 
value. 

At that hearing the state, the power company and each 
municipality will be represented by counsel. 

“The method which will be used in determining the value 
of the property will be far different from that of fixing the 
value of any property for an assessment or for a_ sale or 
mortgage,” said G. O. Shumate, city attorney of North Yak- 
ima, who issued the call for the meeting of the municipal at- 
torneys and engineers here. 

“For an assessment or a mortgage the earning power of a 
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property is secured first and the valuation figured from that. 
In this case the purpose of the valuation is to fix an income 
rate which will be equitable to both company and con- 
sumer. The approximate method will be to figure the repro- 
duction cost of the construction minus a_ deterioration 
charge and to appraise real estate at a market value.” 


SOCIETY NOTES 


The window adds one more to . 


The annual convention of the Illuminating Engineering So- 
ciety in Pittsburgh, Sept. 22 to 26, is particularly fitting as 
the city will be celebrating the 125th anniversary of Alle- 
gheny County. The visitors will see Pittsburgh in its holi- 
day attire and witness many special illuminating features. 
The papers committee has secured a number of papers the 
subjects and authors of which are sufficient to attract favor- 
able attention. 


The first International Exposition of Safety and Sanitation 
held in America will take place in New York City, Dee. 11 to 
20, under the auspices of the American Museum of Safety 
and health in every branch of American industrial life, manu- 
facturing, trade, transportation on land and sea, business, en- 
ginering, in all of their subdivisions will be represented at 
this exposition. There will be no limit to the scope of the 
exposition; it will embrace everything devoted to. safety, 
health, sanitation, accident prevention, welfare and the ad- 
vancement of the science of industry. By a special act of 


. Congress, exhibits from foreign countries are to be admitted 


free of duty. European employers have cut their accident and 
death rate in half by a persistent campaign for safety. There 
are 21 museums of safety in Europe, all of which will con- 
tribute to the American Exposition. 


The American Boiler, Manufacturers Association will hold 
its twenty-fifth annual convention in Cleveland, Ohio, Sept. 1 to 
4, with headquarters at the Hollenden Hotel. This conven- 
tion will prove of special interest to boiler and tank manu- 
facturers and steel-plate users in consequence of the proposed 
adoption of the standard and uniform boiler specifications, also 
from the fact that this celebrates the silver anniversary of 
the Association. As Cleveland is centrally located, a large 
attendance is expected from Canadian and United States 
manufacturers and allied interests. The local committee has 
provided an excellent program of entertainment for the visit- 
ing ladies, and an excursion on the lake, Sept. 3, for the mem- 
bers and guests. The convention will conclude with a ban- 
quet Thursday evening, Sept. 4. All of the manufacturers 
and users of steel plate are invited to attend the convention. 
Reservations for rooms should be made at once. 


PERSONALS 


‘Frank Morrison has been appointed chief engineer of the 
power station of the Union Traction Co., Coffeyville, Kan., to 
succeed O. E. Polk. 

c. S. De Witt, formerly superintendent of the National 
Machine Works, has taken the position of chief engineer of 
the Bartlett Bldg., Atlantic City, N. J. 

Colonel George W. Goethals, chairman of the Isthmian 
Canal Commission and chief engineer of the Panama Canal, 
has consented to accept the honorary presidency of the Inter- 
national Engineering Congress and will preside over the gen- 
eral sessions to be held in San Francisco Sept. 20-25, 1915. 

F. Z. Nedden, of London, England, has been appointed 
engineer in charge of the centrifugal pump department of 
the Goulds Manufacturing Co., Seneca Falls, N. Y. Mr. Nedden 
was educated at the University of Berlin in Germany. For 
seven years he was employed in the shops of the Berliner 
Maschinenbau A. G. vormals L. Schwartzkopff in Berlin and 
Wildau. From 1906 to 1908, Mr. Nedden was assistant pro- 
fessor at the Technical University at Aix-la-Chapelle. In 
1908, after a trip through Europe to investigate the manu- 
facture and application of high-lift turbine pumps he entered 
the machine and pump factory of Weise & Monski, Halle, Ger- 
many, where he developed a series of high-lift turbine pumps. 
In 1910 he was transferred to the firm’s London headquarte's, 
where he had charge of its English and Colonial business. 4°. 
Nedden is the author of several textbooks in German, some 
of which have been translated into Englisn. He is a mem- 
ber of the Verein Deutsches Ingenieure and other technical 
and engineering societies. 
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